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Waghington  Office 

Soil  Moisture  Ifeiadbook 

Finishing  touches  have  been  put  on  the  Handbook  of  soil  moisture  measure^ 
ment  bv  the  neiitron  method.    It  is  now  in  the  process  of  distribution  to 
the  field.    We  will  appreciate  your  review  and  criticism.    If  enough  need 
is  exprease^i  we  will  consider  revising  it  as  a  category  2  Forest  Service 
HBnd1x>ok. 

Soil  Survey 

The  Forest  Soil  Survey  was  organized  as  a  part  of  this  division.  Original 
plans  were  for  direction  to  be  supplied  from  Research  only  through  the 
pilot  stage.    Procedures  have  now  been  standardissed  and  the  Surrey  has 
attained  full  action  stage  status.    In  confonnity  with  the  original  plans 
the  Survey  has  now  been  transferred  to  the  Division  of  Watershed  Manage- 
ment, National  Forest  Resource  Management. 

Dfeutron  Probe  Standards 

At  the  Coweeta  soil  moisture  conference  Dr.  McHenry  of  ARS  suggested  tte 
establishment  of  standards  for  calibration  of  the  neutron  probe.  His 
proposal  has  been  reviewed  by  at  least  one  person  in  all  but  two  Stations. 
It  has  also  been  presented  to  the  Ifydrology  Subcommittee  and  to  the  ARS. 

Requests  for  Assistance 

In  our  discussions  with  you  we  have  noticed  an  increased  interest  in  the 
Semiannual  Report,    This  upswing  in  interest  is  attested  to  by  the  number 
of  requests  for  assistance  that  are  in  this  issue.    One  of  the  major  pur- 
poses of  the  report  is  to  provide  a  medium  for  the  exchange  of  ideas  and 
help.    Needless  to  say,  it  will  be  successful  only  if  you  respond  to  these 
requests  for  assistance  when  you  can  offer  constructive  help. 

BJ^.S.I.C.  -  Biological  Abstracts 

Information  Dissemination  System.    Biological  Abstracts  has  just  published 
its  first  issue  of  BJ^.S.I.G.   This  is  a  twice  monthly  listing  of  all  the 
published  biological  research  work  in  the  world.    All  areas  of  biology 
are  covered  (agriculttare,  forestry,  soils,  biochemistry,  cytology,  etc.). 

The  title  permutation  subject  index  is  used  in  presenting  the  subject  and 
title.    In  use  one  simply  scans  the  alphabetically  arranged  index.  When 
a  significant  word  is  found,  glance  at  the  surrounding  modifying  words  for 
further  meaning  and  content.    If  you  tten  wish  to  learn  more  about  the 
publication,  note  the  abstrect  number  and  refer  to  the  Biological  Abstracts 
in  the  library.    For  e»imple:  Discussion  of  the  U.S.  Forest  Service's 
expanding  wildlife  I    60.    On©  would  then  refer  to  Biological  Abstract  60 
of  the  publication. 
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B.A.S.IcC,  is  being  sent  as  a  free-of-cterge  controlled  circiolation 
periodical.    We  believe  you  will  want  to  obtain  a  copy  for  each  field 
officse    This  can  probably  be  done  by  \^rriting:    Biological  Abstracts, 
-3815  Walnut  Street,  Philadelphia       Pa.,  U.S.A. 

SW  Ingpection 

Clark  Holscher  and  Jim  Smith  spent  a  month  (Feb. -March)  in  California  on 
a  G.F.I,     Hopkins  and  crew  indoctrinated  them  in  the  problems  of  doing 
watershed  management  research  in  the  mud-rock  flows  of  San  Dimas,  and  the 
deep  snows  (I4.  feet  on  the  level)  of  the  Sierra  Nevada.    Both  were  im- 
pressivel 

Book  Reviewa 

Vilenski.  D.  G.    Soil  Science.  1957.    Translated  from  Russian.  Published 
for  the  Kfeitional  Science  Foundation  and  the  Department  of  Agriculture  by 
the  Israel  Program  for  Scientific  Translations,  ..  . 

The  book  is  an  approved  text  for  Russian  government  universities.  Of 
particular  interest  is  the  first  half  of  the  book  with  its  chapters  on 
the  history  of  the  development  of  soil  science,  and  basic  fundamentals 
(origin  and  composition  of  soil,  biological  processes,  development, 
structure,  humus,  soil  (air,  water,  and  solution),  sorptive  capacities, 
heat,  physio-ch-amical,  etc.).    The  last  part  of  the  book  deals  with  the 
soils  of  Russia. 

One  copy  of  this  book  was  sent  to  each  Station.    Despite  the  usual  amount 
of  praise  of  the  Russian  system  of  government  that  seems  inherent  in  all 
their  publications.  Division  personnel  will  find  the  soils  information 
worthy  of  reading, 

Basic  Problems  and  Techniques  in  Range  Research.  I960.    Publication  890. 
Natioiffil  Academy  of  Sciences  -  Ifetional  Research  Council, 

This  comprehensive  34-2-page  book  is  a  report  of  a  joint  Coimnittee  of  the 
American  Society  of  Range  Management  and  the  Agricultural  Board.    It  was 
prepared  by  the  Subcommittee  on  Range  Research  Methods  of  the  Agricultural 
Board.    Contributors  included  Howard  Lull,  Hud  Reynolds,  Jerry  Duni'ord, 
and  a  host  of  other  Forest  Service  people.    Jerry  Dunford  did  a  masterful 
job  as  author  of  a  chapter  on  methods  of  studying  watershed  aspects  of 
range.    Other  chapters  of  particular  interest  to  this  Division  are: 
Assesvsment  and  control  of  habitat  factors  (soils,  microclimate,  plant 
competition,  rodents,  etc.),  methods  of  studying  vegetation,  stiidies  of 
root  habit  and  development,  sampling  methods,  and  experimental  design. 

ASTM.    Sympogjum  on  nuclear  methods  for  measuring  soil  density  and  moisture. 
American  Society  for  Testing  Materials.    Special  Technical  Publication 
No,  293,  ASTM,  1916  Race  Street,  Philadelphia  3,  Pa. 

Several  papers  of  interest  are  presented,  particularly  those  having  to  do 
with  calibration  and  nuclear  health  physics. 
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October  1,  1961  -  March  31,  1962 
Subsurface  Stormflow  in  Forest  Soil 

Our  preliminary  analyses  of  stormflow  measurements  on  a  forested 
watershed  in  east  central  Ohio  show  that  50  to  90  percent  of  the 
water  falling  on  the  surface  of  a  22-by-30  foot  plot  flowed  out 
from  the  subsurface  layers  within  4  to  6  hours  after  sprinkling. 
During  summer  and  autumn  this  plot  was  sprinkled  at  intensities 
ranging  from  0.5  to  4  inches  per  hour  for  several  different  periods 
ranging  from  20  to  150  minutes  in  length.     Flow  was  collected  from 
troughs  sealed  into  the  downslope  face  of  the  plot  at  depths  of 
0,  8 J  16,  24,  36,  and  48  inches  below  the  surface.     The  soil  was 
a  Keene  silt  loam  covered  by  about  1  inch  of  hardwood  forest  litter. 

Rates  and  quantities  of  flow  from  individual  depths  and  from  the 
entire  profile  varied  with  storm  intensity,  storm  duration,  and 
antecedent  soil  moisture  tension.     Flow  was  most  uniform  from  the 
24  to  36-inch  zone,  ranging  from  0.22  to  0.30  inches  per  hour.  Flow 
was  only  slightly  less  uniform  from  the  somewhat  more  permeable  16 
to  24-inch  zone.     However,  flow  from  the  highly  permeable,  upper  16 
inches  was  quite  erratic.     Since  soil  moisture  tension  was  zero  at 
the  16-inch  depth,  flow  from  depths  lower  than  this  was  probably 
through  a  saturated  medium < 

Where  soil  moisture  tension  was  relatively  high  before  and  during 
runs,  the  greatest  quantities  of  flow  were  recorded  from  the  deeper 
zones,  and  little  to  no  flow  occurred  from  the  intermediate  depths* 
This  indicates  that  the  lowest  zone  overlying  a  water -impeding 
stratum  must  be  wetted  before  flow  will  occur  in  the  upper  soil 
zones.     It  appears  that  the  impeding  layer  is  a  controlling  factor 
and  that  flow  from  the  shallower  soil  layers  depends  upon  the  degree 
of  wetness  in  the  layers  just  above  the  impeding  stratum.    No  flow 
was  recorded  below  36  incheSj,  probably  because  of  a  layer  of  dense 
clay  at  that  depth. 

Flow  recession  from  the  deepest  zone  followed  a  similar  exponential 
type  flow  pattern  for  all  storms  of  1  to  4-inches  per  hour,  but  the 
flow  from  storms  of  0.5-inch  per  hour  followed  a  different  exponen- 
tial curve.  For  example j  average  recession  of  subsurface  stormflow 
from  the  36-irich  depth  during  11  storms  in  the  1  to  4-inch  per  hour 
intensity  class  was  described  by  the  exponential  curve 
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q  =  0.247(e)     *         °     For  seven  storms  in  the  0.5-inch  per  hour 
intensity  class  the  average  recession  curve  from  the  36-inch  depth 
was  of  the  form  q  =  0.155(ey^'^^^^^' 

In  addition  to  collecting  outflow  volumes  and  rates  we  also  needed 
information  on  the  water  driving  forces  and  antecedent  moisture 
conditions.     Published  information  suggests  that  in  heterogeneous, 
layered  soils,  soil  moisture  is  not  a  sensitive,  adequate  measure 
of  moisture  potential  and  the  direction  of  flow  (1)  (2).  Further- 
more, standard  soil  moisture  measuring  devices  are  inadequate  for 
measuring  rapidly  changing  soil  moisture  conditions  or  for  giving 
point  measurements  of  soil  moisture. 

Of  all  the  standard  instruments  that  are  currently  available 
tensiometers  appear  to  give  the  most  sensitive  measure  of  the 
moisture  potential  in  heterogeneous  soils.     And,  because  our 
simulated  rainfall  applications  were  frequent  enough  to  keep  the 
soil  moisture  at  low  tensions,  the  upper  limit  of  tensiometer  use- 
fulness (335  inches  of  tension)  was  not  approached.  We  found  those 
multiple  unit  tensiometers  that  give  direct  hydraulic  head  read- 
ings for  five  depths  at  a  single  location  to  be  the  most  useful 
for  our  purpose. 

Hydraulic  head  measurements  from  spaced  depths  indicate  direction 
of  flow  potential  regardless  of  soil  texture  or  volume  weight. 
Head  (h)  and  depth  (e)  readings  can  be  readily  converted  to 
hydraulic  gradient,  or  i,  by  the  differential  equation  i  =  dh/de. 
A  hydraulic  gradient  of  unity  (i  =  1)  through  a  range  of  depths 
indicates  uniform  moisture  tension  within  that  zone.  Hydraulic 
gradients  greater  than  unity  indicate  increasing  suction  (de- 
creasing pressure)  differences  vjith  depth.     Conversely,  hydraulic 
gradients  less  than  unity  indicate  decreasing  suction  (increasing 
pressure)  gradients  with  depth  (3). 


(1)  Croney,  D.  et  al.  1958. 

Movement  and  distribution  of  water  in  soil  in  relation  to 
highway  design  and  performance. 

Highway  Research  Board  Special  Report  40,  pp.  226-227. 

(2)  Miller,  E.  E.  and  R.  D.-  Miller.  1955. 

Theory  of  capillary  flow:     I.  Practical  implications. 
Proc.   Soil  Sci.  Soc.  of  Amer.  19:  269. 

(3)  Richards,  L.  A.  1955. 

Retention  and  transmission  of  water  in  soil. 
U.S.D.A,  Yearbook  of  Agriculture,  pp.  144-151. 
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These  preliminary  analyses  show  that  in  most  of  our  runs  the 
antecedent  hydraulic  head  readings  were  relatively  high.  There- 
fore, antecedent  soil  moisture  tensions  were  relatively  low.  In 
those  few  runs  where  hydraulic  head  readings  were  low,  outflow 
was  delayed  and  total  outflow  was  less  than  for  those  storms 
having  moist  antecedent  conditions. 


Hydraulic  head  d 
readings  during 
crease  in  hydrau 
out  each  storm  ( 
head  with  change 
flow  during  the 
than  unity  with 
gradient.     In  re 
tion  of  the  wett 


istribution  graphs  taken  from  multiple  tensiometer 
and  after  the  sprinkling  runs  showed  a  rapid  in- 
lic  head  (with  decreasing  moisture  tension)  through- 
Fig.  1).     These  patterns  of  change  in  hydraulic 

in  depth  give  an  indication  of  the  direction  of 
runs.     For  example,  a  hydraulic  gradient  greater 
a  small  depth  change  indicates  a  great  suction 
latively  dry  soils  this  might  represent  the  loca- 
ing  front  (4). 
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HYDRAULIC  HEAD  -  CENTIMETERS 

Figure  1.     Hydraulic  gradients  in 
soil  profile  during  and  shortly 
after  Storm  A,  0.49-inch-per-hour 
intensity,  60-minutes  duration. 
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Figure  2.     Hydraulic  gradients  in 
soil  profile  during  and  shortly 
after  Storm  S,  1 . 01-inch-per-hour 
intensity,  150-minutes  duration. 


During  the  two  runs  in  the  1-inch  per  hour  class  where  rainfall 
lasted  120  to  150  minutes,  hydraulic  gradients  from  the  4  to  16  inch 
depth  dropped  to  zero  (Fig.  2).     'Eiis  indicates  a  lack  of  a  vertical 
driving  force  in  that  range  of  depths  because  a  zero  hydraulic 
gradient  represents  hydrostatic  equilibrium  as  well  as  increased 


(4)  Bodman,  G.  B.  and  E.  A.  Colman.  1943. 

Moisture  and  energy  conditions  during  downward  entry  of  water 
into  soils. 

Proc.  Soil  Sci.   Soc.  Amer.  8:  116-122. 
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pressure  head  v/i  t:h  depth.     Therefore,   it  is  less  likely  that  flow 
.   here  v/ill  be  predominately  vertical.     Since  flov;  \siiLL  occur  against 
a  pressure  gradient  if  elevation  head  is  present,   flow  lines  in 
this  area  may  be  more  or  less  lateral  or  somewhat  parallel  to  the 
plane  of  the  flow-impeding  layer.     Our  two  runs  in  the  l~inch  per 
hour  intensity  class,  where  sprinkling  lasted  120  to  150  minutes, 
showed  a  long  drainage  period  in  which  the  hydraulic  gradient 
from  the  4  to  16  inch  depth  was  zero.     Hierefore,  we  think 
lateral  flow  took  place  in  this  zone  during  these  two  storms. 

With  the  applicator  and  collection  system  and  measuring  techniques 
we  have  devised  we  are  how  able  to  reproduce  similar  storms  and 
subsurface  flow  patterns. 

II.     Soil  Moisture 

A.     Soil  moisture  depletion  in  a  pine  plantation  in  east  central  Ohio 

Seven  sets  of  nuclear  soil  moisture  meter  readings  were  made 
between  September  12  and  November  22,  1961,  on  the  14  pine  covered 
plots  we  established  in  east  central  Ohio  a  year  ago.     (See  our 
semiannual  report  for  October  1,  1960-March  31,  1961.)     Tlie  read- 
ings successfully  bracketed  the  date  of  occurrence  of  minimum  soil 
moisture  storage.     Tlie  lowest  readings  were  obtained  at  the  begin- 
ning of  October.     The  readings  near  September  15  and  those  near 
November  22  were  almost  identical  in  magnitude  and  were  slightly 
(2-3  percent)  higher  than  those  taken  in  October.     Tliese  readings 
suggest  that  soil  moisture  depletion  was  still  in  progress  near 
the  middle  of  September  when  sampling  started;   that  depletion 
continued  until  at  least  October  1;  and  that  soil  moisture  re- 
charge began  before  November  20  (Fig.  3).     However,  preliminary 


5     lO    15    20    25  5     lO    IS    20   25  5     10     15    20   25  5     10    15    20  25 


AUGUST  SEPTEMBER  OCTODER  NOVEMBER 

Figure  3.     Average  soil  moisture  content,  0-9  foot  depth, 
during  seven  sets  of  nuclear  subsurface  soil  moisture 
meter  readings,  Davis  tract  near  Palermo,  Ohio,  1961. 


CS  -  4 


statistical  analyses  show  no  significant  differences  between  any 
of  the  sets  of  readings  taken  between  September  12  and  November  22. 

Cursory  examination  of  the  individual  measurements  indicates  that 
soil  moisture  was  fairly  constant  at  depths  below  3-4  feet.  Veri- 
fication of  our  conviction  that  the  bottoms  of  the  tubes  are  well 
below  the  zone  influenced  by  roots  must  await  analyses  that  reveal 
which  depths  show  relatively  little  moisture  fluctuation. 

B.  Hand  punching  nuclear  soil  moisture  meter  observations  into  IBM 
cards 

The  seven  sets  of  nuclear  soil  moisture  meter  observations  amounted 
to  about  2,600  individual  readings.     All  of  this  information  was 
hand  punched  into  standard  IBM  cards  by  means  of  a  small,  recently 
developed,  6-hole,  hand  punch. 1./  Although  we  were  able  to  do  an 
acceptable  job  with  this  hand  punch  we  found  it  to  be  quite  slow 
and  feel  that  it  is  impractical  for  field  use  with  our  nuclear  soil 
moisture  meters. 

The  hand  punch  is  light  in  weight,  is  rugged  enough  to  be  carried 
into  remote  field  locations,  and  is  fairly  easy  to  operate.  How- 
ever, it  took  a  greater  amount  of  time  to  hand  punch  the  cards  than 
it  did  to  write  down  the  observations  on  prearranged  source  docu- 
ment forms.     Hand  punching  was  much  slower  and  less  accurate  than 
key  punching  from  these  source  documents  using  standard  IBM  machines. 
We  had  to  re-do  about  7  percent  of  the  hand  punched  cards  because 
of  incorrect  punching.     We  picked  up  many  of  the  errors  immediately 
after  mispunching  them  and  the  standard  IBM  verifier  picked  up  the 
others. 

Cards  could  not  be  hand  punched  in  the  field  during  even  light 
rainstorms.     Sometimes  in  periods  of  high  humidity  the  cards  would 
widen  and  become  difficult  to  feed  through  the  punch. 

C.  Processing  soil  moisture  data 

We  developed  an  automatic  data  processing  program  so  that  the 
nuclear  soil  moisture  meter  observations  discussed  above  could 
be  reduced;  first,  to  impulses  per  minute  (observations  having 
been  made  with  a  stop  watch)  and  second,  to  area  inches  of  water. 
Since  these  computations  involved  only  the  arithmetic  manipulations 
of  addition,  subtraction,  multiplications  and  division,  they  were 
expeditiously  handled  by  the  local  IBM  Service  Bureau.     And  the 
job  cost  us  far  less  than  it  would  have  if  we  had  done  it  with  desk 
calculators . 


!_/  Trade  name  of  the  punch  is  "Portable  Addressograph  Data  Punch."  It 
is  manufactured  by  the  Addressograph-Multigraph  Corporation,  whose 
general  offices  are  at  1200  Babbitt  Road,  Cleveland  17,  Ohio. 
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We  have  now  outlined  a  series  of  statistical  analyses  for  compar- 
ing the  observations  by  dates,  depths,  and  locations.     Since  this 
program  includes  86  analyses  of  variance,  the  mathematical  mani- 
pulations are  much  more  involved  and  our  local  IBM  Service  Bureau 
referred  our  problem  to  their  Chicago  and  New  York  offices. 

We  are  now  looking  for  an  establishment  that  has  the  equipment, 
the  program,  the  manpower,  and  the  time  to  make  our  analyses.  We 
would  appreciate  comments  and  suggestions  on  methods,  procedures, 
and  places. 

Intensive  study  of  soil  moisture 

Many  of  the  relations  between  forest  vegetation  and  water  available 
for  streamflow  still  remain  unknown.    Numerous  factors  contribute 
to  this  lack  of  knowledge.     One  of  the  problem  engendering  factors 
is  the  relatively  long  crop  cycle  of  most  forest  trees.  Although 
the  hydrologic  influence  of  small  trees  may  be  quite  similar  to 
that  of  grass  or  other  herbaceous  vegetation,  the  uptake  of  water 
by  a  plantation  of  trees  may  increase  year  after  year.     As  the 
trees  grow  larger  and  larger  they  become  increasingly  difficult 
to  manipulate  and  the  area  they  influence  widens  or  deepens. 

Other  features  common  to  forest  land  and  contributory  to  the 
impeding  of  research  into  tree-soil  moisture  relations  are  stony 
soils  and  sloping  terrain. 

This  spring  we  installed  a  supplemental,  intensive  soil  moisture 
study  in  our  east  central  Ohio  experimental  area.     The  purpose  of 
this  study  is  to  obtain  some  of  this  unknown  information  from  an 
area  possessing  these  common  forest  land  features.     The  specific 
objective  of  this  new  study  is  to  characterize  the  use  of  soil 
moisture  by  a  young,  vigorously  growing,  coniferous  forest  planta- 
tion. 

The  installation  of  the  study  included  the  placement  of  40  nuclear 
meter  access  tubes,  to  a  depth  of  9  feet  7  inches,  in  an  area  28 
feet  wide  across  slope  by  70  feet  up  and  down  slope.     Some  of  the 
access  tubes  were  placed  as  close  to  the  existing  trees  as  possible. 
Others  were  placed  at  increasing  distances  away  from  the  existing 
trees  and  from  those  trees  that  will  be  left  after  a  proposed  cut 
changes  the  spacing  between  trees  from  the  present  7  by  7  feet  to 
a  proposed  28  by  28  feet. 

We  already  had  tubes  in  the  expected  center  of  various  proposed 
spacing  treatments  including  this  28  by  23  foot  size.     This  earlier 
study  is  expected  to  tell  us  the  gross  effect  of  thinning  spaces 
upon  soil  moisture  deficits  at  the  end  of  the  growing  season.  This 
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new  study  has  greatly  increased  the  niomber  of  access  tubes  in  the 
proposed  28  by  28  foot  plot.     It  is  expected  to  furnish  sufficient 
information  for  the  construction  of  isohyetal  sketches  of  the 
effect  of  distance  of  tree  upon  soil  moisture  content. 

Equipment  evaluation 

Acquisition  of  a  "Little  Beaver"  power  auger  made  this  year's  tube 
installation  job  much  easier  than  last  year's.     The  use  of  this 
power  auger  plus  a  star  drill  attached  to  a  long  soil  tube  made  it 
possible  to  drill  9-foot  7-inch  deep  holes  relatively  rapidly  even 
though  the  last  1  to  2  or  3  feet  had  to  be  drilled  in  moderately 
hard  sandstone. 

The  auger  bits  had  to  be  rebuilt  several  times  because  of  the 
drilling  in  this  stone.     Tliis  could  have  been  avoided  or  delayed 
by  use  of  diamond  tipped  bits.     We  now  have  all  the  tubes  installed 
for  our  two  large  soil  moisture  studies  so  we  are  not  contemplating 
the  purchase  of  any  additional  drilling  equipment.     However,  other 
forest  watershed  management  researchers  who  are  faced  with  the 
problem  of  installing  a  large  number  of  access  tubes  in  stony  soil 
might  wish  to  investigate  the  power  drill  and  diamond  drill  points 
described  by  Soiltest,  Incorporated,  4711  West  North  Avenue, 
Chicago  39,  Illinois.     The  original  purchase  price  would  be  much 
higher,  but  a  diamond  bit  could  probably  be  used  longer  and  harder 
than  our  steel  bits  were  before  it  would  need  to  be  repaired  or 
replaced. 

V/e  found  the  drilled  out,  sandstone  debris  difficult  to  remove 
from  the  bottom  of  the  hole  because  it  was  so  dry.     We  believe 
this  material  could  be  removed  much  easier  with  a  special  bucket 
or  orchard  tyje  auger  having  an  outside  diameter  of  1.5  inches. 

The  wobble  in  the  long  bit  of  the  power  auger  resulted  in  a  some- 
what larger  hole  than  we  needed  for  the  1.75-inch,  outside  diam- 
eter, electric  metallic  tubing  we  are  using  for  access  tubes.  We 
oven  dried  and  sieved  the  soil  taken  from  the  holes  so  we  could 
use  it  for  back  filling  in  this  excess  cavity  around  the  tubes. 
Preliminary  examination  of  the  four  sets  of  nuclear  subsurface 
soil  moisture  readings  that  have  been  made  so  far  this  spring 
suggests  that  moisture  conditions  around  the  newly  installed 
tubes  returned  to  normal  within  a  few  days  after  backfilling  was 
completed. 
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F.     Cooperative  nuclear  surface  soil  moisture  project  with  Duke 
University 

Dr.  K.  R.  Knoerr  initiated  a  calibration  study  of  our  nuclear 
surface  soil  moisture  meter  while  he  was  assigned  to  our  Station 
last  spring.  Some  of  the  results  of  that  study  were  reported  in 
our  semiannual  report  for  April-October  1961.  Ken  resigned  from 
our  Station  in  June  1961  to  become  Assistant  Professor  of  Forest 
Climatology  at  Duke  University.  We  loaned  him  our  surface  meter 
for  a  few  weeks  near  the  beginning  of  1962  so  that  he  could 
obtain  some  measurements  on  Piedmont  soils  to  compare  with  those 
made  here  on  Muskingum  soils. 

We  have  recently  seen  another  nuclear  surface  soil  moisture  re- 
calibration  curve  which  resembled  closely  the  one  developed  by 
Dr.  Knoerr  last  spring.     This  curve  was  published  in  "Sumpositim 
on  Nuclear  Methods  for  Measuring  Soil  Density  and  Moisture," 
Amer.  Soc.  Testing  Materials  Tech.  Pub.  No.  293. 

This  little  book  contains  many  good  explanations  of  the  basic 
processes  involved  in  the  nuclear  measurement  of  soil  moisture 
and  density.     It  also  contains  much  data  obtained  in  studies 
that  were  located  in  the  eastern  and  midwestern  United  States. 
We  recommend  that  it  be  read  by  everyone  interested  in  using 
nuclear  equipment  to  measure  soil  moisture  and  density. 

III.     Strip  Mine  Project 

This  project  was  initiated  October  1,  1961,  when  Robert  F.  May, 
a  mining  engineer,  reported  to  Central  States  as  project  leader. 
He  is  headquartered  at  Berea,  Kentucky,  in  close  proximity  to 
the  steep  forested  lands  of  eastern  Kentucky,  which  are  currently 
being  strip  and  auger  mined.     This  mining  begins  in  cuts  high  up 
on  the  mountain  slopes.     The  objective  of  this  research  project 
is  "to  develop  practical  and  economic  methods  of  protecting  the 
soil,  water,  and  other  forest  resources  during  the  surface  mining, 
and  restoring  these  resources  when  mining  is  completed  in  moun- 
tainous forested  watersheds  of  the  Appalachian  coal  field." 

To  get  the  project  underway,  it  was  defined  into  seven  major  prob- 
lem areas  which  are:     (1)  Coal  haul  roads,  (2)  Earth  movement  and 
placement,  (3)  Soil  mechanics,  (4)  Pyritic  material  identification, 
(5)  Spoil  bank  chemistry,   (6)  Hydrology,  and  (7)  Revegetation. 
The  flow  chart  on  the  following  page  shows  some  of  the  sub-items 
for  consideration  within  each  major  problem  area. 

In  March  1962,  David  Cummins,  an  agronomist  and  soil  scientist, 
joined  the  staff.     He  will  be  concerned  with  the  soil  and  chemical 
attributes  of  disturbed  areas  and  their  influence  on  successful 
revegetation  of  strip  mined  lands. 
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Increasing  derriand  for  low-cost  coal,  used  for  thermal  generation 
of  electric  j  ewer  in  the  Southern  Ajvpalachian  province,  has  inten- 
sified strip  mining  operations  as  an  economical  raethod  for  harvest- 
ing this  resoi-rce  on  forest  lands  in  Kentucky  and  adjacent  states. 
Strip  mine  operations  are  being  extended  to  many  hundreds  of  acres 
of  forested  v/atersheds  each  year,  resulting  in  millions  of  tons  of 
freshly  forraec  si^oil  bank  material  annually.     For  e;:amjile,  triere 
are  over  3,000  acres  under  state  mining  permit  in  eastern  Kentucky 
alone.     One  operator  is  reported  to  have  over  400  miles  of  cropline 
for  future  development.     At  a  300-foot  mining  v/idtn,  this  would 
equal  about  16,000  acres  of  disturbed  area.     The  quantity  of  this 
material  has  a  very  high  potential  for  both  chemical  and  mechanical 
pollution  of  critically  needed  v;atersheds  and  dowuscreara  water 
supplies. 

A  cooperative  agreement  has  been  negotiated  with  the  Ohio  State 
Agricultural  Experiment  Station  to  investigate  soil  mechanics  of 
spoil  banks.     Also  under  discussion  is  a  cooperative  study  with 
Tennessee  Valley  Authority,  Kentucky  Department  of  Conservation, 
and  the  Forest  .'-.ervice  on  hydrology  of  mined  watersheds  under 
controlled  anc"  uncontrolled  operations.     IJe  feel  we  now  have  our 
feet  on  the  [;iound  and  should  initiate  one  or  more  studies  during 
the  next  report  period.     One  study,   the  determination  of  fluff 
(e?:pansion)  factor  of  c  erburden  jverlving  coai  seci;:is  in  the 
Kariaii,  Kentucky,  area  is  now  underway.     Continuing  observations 
sliouid  also  ei.tai^iish  conipaction  factors  of  freshly  fori.:t:d  spoil 
liiateriai.     T'^e  end  product  will  be  to  develop  practical  r;:ethods, 
procedures,  ar.d  staiidards  to  prevent  serious  eroSiOn  and  sediment 
discharge  on  the  iorested  Appalachian  v/atersheds. 

IV.     I n C er depar tmer.t al  Graduate  Degree  Progrsro,  Ohio  State  University 

Because  O'.io  Jtate  University  does  not  have  a  Forestry  bchooi, 
forester •;  with  Bachelors  degrees  from  other  schools  may  have  over- 
looked Ohio  State's  flexible  Graduate  Program.     Uith  excel iisnt 
supporting  Departments  of  Botany,  Engineering  (including  the 
soil    and  water  phases),  Soils  (including  soil  physics),  and 
Kuclear  Physics,  tiiey  are  able  to  offer  a  v;ide  range  of  inter- 
departmental research  and  graduate  programs.     A  candidate's 
specific  program  depends  upon  his  background,  his  ability,  and 
the  manner  in  v/hich  'r.e  ..resents  his  desires  to  his  coirjaittee. 

The  following  info r-f^aat ion  regarding  their  interdepartmental  Degree 
Programs  is  taken  from  their  Graduate  School  Bulletin: 

"The  Graduate  School  recognizes  the  importance  of  programs  of  study 
and  research  vhich  lie  oa  the  borderland  between  two  or  more  recog- 
nized fields  cf  learniiig  in  such  a  way  tliac  they  cannot  be  easily 
assigned  to  av.yonc  of  them.     A  doctoral  candidate  xAio  is  interested 
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in  such  a  program  should  consult  with  those  members  of  the  Staff 
who  are  most  competent  to  advise  him  with  respect  to  his  special 
interests.     After  he  has  formulated  a  program  of  courses  and 
readings  which  are  pertinent  to  his  major  interest,  he  should 
present  his  proposal  to  the  Dean  of  the  Graduate  School.     If  the 
student's  plan  of  specialization  seems  warranted  and  if  he  seems 
competent  to  utilize  materials  from  two  or  more  recognized  fields 
of  learning,  the  Dean  of  the  Graduate  School  will  appoint  a  com- 
mittee from  the  staffs  of  the  departments  which  will  be  most 
intimately  concerned  with  his  work  and  a  representative  of  the 
Graduate  School.     Tnis  comm.ittee  will  analyze  the  student's  program, 
study  its  feasibility  and  determine  that  all  basic  requirements 
essential  for  sound  scholarship  and  the  preparation  of  a  satis- 
factory dissertation  have  been  m.et.     This  committee  will  direct  the 
student's  program  and  supervise  the  preparation  of  his  dissertation. 
The  dissertation  must  have  the  unanimous  approval  of  this  committee. 
The  department  from  which  the  degree  is  granted  will  be  determined 
by  the  advisory  committee  subject  to  the  approval  of  the  depart- 
ment concerned," 

The  following  is  their  description  of  their  Research  Institutes: 

"Institutes  are  units  of  the  University  established  by  the  Board 
of  Trustees  tc  facilitate  interdisciplinary  research.     They  have 
laboratories,  equipment,  and  externally  sponsored  research  and  may 
provide  departmental  seminars  for  graduate  students  and  faculty. 
Each  operates  under  a  director  who  is  a  member  of  the  Graduate 
Faculty. " 

Eight  institutes  are  active  on  the  campus.     The  following  ones 
may  be  of  interest  to  foresters: 

(a)  Institute  of  Genetics 

(b)  Institute  of  Geodesy,  Photogrammetry,  and  Cartography 

(c)  Natural  Resources  Institute 

A  training  plan  that  utilizes  some  of  the  facilities  and  classes 
offered  by  Ohio  State  University  has  been  approved  for  Ronzld  Z. 
V/hipkey  of  our  Station.     We  are  pleased  with  the  University's 
cooperation  in  arranging  an  interdepartmental  program  which 
includes  courses  in  Agricultural  Engineering,  Agricultural 
Economics,  Civil  Engineering,  Sanitary  Engineering,     Soil  Physics, 
Mathematics,  end  Physics. 
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SEMIANNUAL  REPORT 
Division  of  Watershed  Management  Research 
Intermountain  Forest  and  Range  Experiment  Station 

October  1961  -  March  1962 


DIVISION 

Norbert  V.  DeByle  was  recently  awarded  the  Ph.  D,  degree  in  forestry 
at  midyear  commencement  exercises  at  The  University  of  Michigan,     Dr.  DeByle 
joined  the  Division  in  August  1961  as  project  leader  at  Reno,  Nevada, 

Division  personnel  at  Logan,  Utah  recently  moved  into  new  offices  in 
the  new  commodious  Forestry-Biological  Sciences  Building  on  the  campus  at 
Utah  State  University,     Personnel  at  Provo  now  occupy  newly  constructed 
rented  office  space.     Office  space  and  laboratory  facilities  at  Boise  were 
enlarged  by  a  small  new  addition  to  the  old  building. 

Ed  Burroughs,  stationed  at  Missoula,  has  returned  to  duty  after  educa- 
tional leave  of  absence  for  two  quarters,     Ed  has  now  com.pleted  the  residence 
requirements  at  Montana  State  College  for  the  M.  S,  degree  in  civil  engineer- 
ing. 

Publications 

Copeland,  Otis  L.  Jr.  and  R.  G.  McAlpine,     1962.     Soil  characteristics 
associated  with  spot  die-out  in  loblolly  pine  plantations.    Forest  Sci,  8: 
12-15. 

Merriam,  Robert  A,     1961.     Surface  water  storage  on  annual  ryegrass. 
Jour.  Geophys.  Res,  66:  1833-1838,  illus, 

Merriam,  Robert  A,     1961.    Author's  reply  to  the  preceding  discussion. 
Jour,  Geophys,  Res.  66:  1995.     (Author's  brief  closure  to  a  discussion  of  an 
earlier  article,  "A  Note  on  the  Interception  Loss  Equation.")     Jour.  Geophys. 
Res.  65:  3850-3851,  illus. 

Merriam,  Robert  A,     1962.     Useful  statistical  guides  and  graphs  for 
neutron  probe  soil  moisture  sampling.     Intermountain  Forest  and  Range  Expt, 
Sta.  Res.  Paper  No.  22,  9  pp.,  illus.     (We  shall  be  pleased  to  distribute 
copies  of  this  publication  in  accordance  with  any  requests  received.) 

SNOWMELT  FLOOD  AND  SEDIMENT  CONTROL  PROJECT 
Road  development  guides  (FS-l-w5-3) 

Preliminary  results  were  secured  from  analyses  that  related  22  water- 
shed and  road  characteristics  to  the  distance  that  water  moved  down  logging 
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roads  below  effective  drainage  structures  before  vertical  erosive  cutting 
of  road  surfaces  began.     These  analyses  also  related  28  watershed  and  road 
characteristics  to  the  distance  sediment  moved  downslope  from  the  shoulder 
of  logging  roads.     Results  from  the  first  of  these  analyses  provide  a  basis 
for  selecting  the  most  effective  intensity  or  spacing  of  logging  road  drain- 
age structures  to  control  road-surface  flows  adequately.    Results  from  the 
second  analysis  provide  information  for  developing  guides  for  logging-road 
location  and  design  so  as  to  prevent  sediment  from  reaching  stream  channels 
and  other  lower-lying  sites  that  require  protection. 

From  720  study  sites  on  logging  roads,  data  were  obtained  that  encom- 
passed 5  replications  of  all  variables  in  each  level  of  the  following  design 
2  aspects  x  3  topographic  positions  x  4  road-gradient  classes  x  6  soil 
groups.    Results  of  these  analyses  are  preliminary  in  the  sense  that  they 
represent  averages  of  the  5  replications  in  each  level  of  the  study  design 
or  a  total  of  144-average  values  for  each  variable.    Results  from  similar 
analyses,  employing  all  720  values  of  each  variable,  are  now  being  obtained. 

Table  1  presents  the  analysis  of  variance  of  the  watershed  and  road 
characteristics  that  relate  to  the  distance  that  water  moved  down  logging 
roads  before  the  road  surface  was  eroded  vertically  to  a  depth  of  at  least 
1  inch.     The  partitioned  sum  of  squares  and  the  partitioned  R^  or  variance 
values  shown  in  table  1  are  the  additional  sums  of  squares  and  variances 
attributable  to  each  variable  in  combination  with  all  the  other  variables 
and  not  the  sums  of  squares  and  variances  due  to  each  variable  independ- 
ently. 

Table  1. --Analysis  of  variance  for  distance  of  water  movement  down 
logging  roads  before  erosive  cutting  begins.    Variance  is 
partitioned  among  the  watershed  and  road  factors  listed 


Partitioned 

Mean 
square 

Source  of  variation 

df 

sum  of 
squares 

F  Partitioned 
r2 

Total 

143 

217,198.58 

Regression  (22  factors) 

Upper  slope  soil 
instability  ratio 

1 

71,653.81 

71,653.81 

262.34^^ 
251.60** 

0.330 

Road-surface  gradient 

1 

68,721.63 

68,721.63 

.316 

Road  surface  soil 

47.55** 

3^-°3^* 
19.32^^ 

109.12 

instability  ratio 

1 

12,988.47 

12,988.47 

.060 

Aspect 

1 

9,404.70 

9,404.70 

.043 

Cut-slope  cover 

1 

9,296.10 

9,296.10 

.043 

Upper-slope  steepness 
(6-factor  total  regression) 

1 
6 

5,277.93 
177,342.64 

5,277.93 
29,557.11 

.024 
.816 

Remaining  16  factors 

16 

7,080.67 

442.54 

1.63 

.033 

(22-factor  total  regression) 

22 

184,423.31 

8,382.88 

30.95** 

.849 

Error 

121 

32,775.27 

270.87 

ignif icant  at  1-percent  level. 
Standard  error  of  estimated  distance  to  erosive  cutting:  16.45  feet. 
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This  analysis  shows  that  the  22  watershed  and  road  factors  collectively 
account  for  84.9  percent  of  the  variance  in  distance  to  erosive  cutting  below 
effective  cross-drain  structures.     Six  of  these  22  factors  are  of  primary 
importance  and  account  for  81.6  percent  of  the  variance.     The  remaining  16 
factors  together  explain  only  3.3  percent  of  the  variance;  this  amount  is  not 
significant. 

The  most  important  factor  affecting  the  distance  to  erosive  cutting  is 
the  surface  soil  instability  ratio  of  the  upper  slope  above  the  road  cut. 
This  factor  explains  33  percent  of  the  variance.     The  instability  ratio  is 
the  ratio  of  the  proportion  of  soil  particles  greater  than  2mm.  in  diameter 
(determined  by  mechanical  analysis)   to  the  proportion  of  water  stable  soil 
aggregates  greater  than  2mm.  in  diameter  (determined  by  aggregate  analysis) . 
Soils  on  the  upper  slopes  of  the  study  sites  were  largely  undistrubed.  This 
means,  therefore,  that  the  differences  in  aggregation  characteristics  of  the 
surface  1  inch  of  the  six  soils  are  inherent  or  natural  differences.  This 
ratio  represents  the  relative  amounts  of  larger  size  water  stable  aggregates 
that  are  the  most  difficult  for  water  to  dislodge  and  transport. 

Road-surface  gradient  is  the  most  important  road-design  factor  affectin 
distance  to  where  erosive  cutting  begins.     It  accounts  for  another  31.6  per- 
cent of  the  variance  after  the  effects  of  the  upper  slope  soil  instability 
ratio  have  been  removed. 

Despite  differences  in  the  effect  of  inherent-aggregation  characteris- 
tics of  the  six  soils,  as  indicated  by  the  upper  slope  instability  ratio, 
differences  in  the  road  surface  soil  instability  ratio  explain  another  6„0 
percent  of  the  variance.     In  other  words,  changes  in  surface-soil  aggregation 
caused  by  road  construction,  use,  and  exposure  to  water  and  wind,  are  suffi- 
ciently great  to  produce  a  very  significant  additional  effect  on  the  relative 
erodibility  of  the  road  surface. 

Aspect,  which  was  evaluated  as  either  north  or  south  by  means  of  orthog 
onal  contrast  variables,  explains  another  4,3  percent  of  the  variance. 
Reasons  for  the  difference  in  effect  of  north  and  south  aspects  are  not  clear 
It  is  possible  that  the  difference  is  due  to  differences  in  soil-aggregation 
characteristics  on  the  different  exposures.    Further  analysis  of  the  inter- 
relation between  aspect  and  soil  aggregation  may  clarify  this. 

Ground  cover  on  the  cut  slope  explains  another  4.3  percent  of  the 
variance  in  distance  to  erosive  cutting,  and  emphasizes  the  importance  of 
establishing  protective  cover  quickly  on  road  cuts  to  reduce  overland  flow 
and  prevent  movement  of  unstabilized  cut-slope  soil  onto  road  surfaces. 

The  sixth  factor  significantly  affecting  erosive  cutting  of  road  sur- 
faces is  the  steepness  of  the  terrain  on  which  the  road  is  located.  This 
accounts  for  another  2.4  percent  of  the  variance.    Why  this  watershed  factor 
is  so  important  is  not  clear,,    A  conjectural  explanation  is  that  greater 
steepness  of  terrain  results  in  greater  velocities  of  overland  flow  and  in 
greater  hydrostatic  heads  in  the  ground  water  seepage  flow  that  occurs  from 
road  cuts  during  spring  and  early  summer. 
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The  relation  of  watershed  and  road  construction  characteristics  to 
distance  of  sediment  movement  downslope  from  road  surfaces    is    indicated  by 
the  variance  analysis  shown  in  table  2. 


Table  2. --Analysis  of  variance  for  distance  of  sediment  movement  down- 
slope  from  the  shoulder  of  logging  roads.    Variance  is  partitioned 
among  the  watershed  and  road  characteristics  listed 


Partitioned 

Mean 
square 

Source  of  variation 

df 

sum  of 
squares 

F  Partitioned 
r2 

Total 

143 

71,428.44 

Regression  (28  factors) 

Distance  to  first 

1419.33** 

obstruction 

1 

32,346.55 

32,346.55 

0.453 

Lower  slope  soil 

820.69** 

dispersion  ratio 

1 

18,703.47 

18,703.47 

.262 

Cross-drain  interval 

1 

5,944.70 

5,944.70 

260.95** 

.083 

Road  surface  soil 

180.81** 

instability  ratio 

1 

4,120.57 

4,120.57 

.058 

Upper-slope  steepness 

1 

2,899.67 

2,899.67 

127.23** 

.040 

Cut  slope  soil 

instability  ratio 

1 

2,000.23 

2,000.23 

97.77** 

.028 

Lower  slope  soil 

60.52** 

instability  ratio 

1 

1,379.24 

1,379.24 

.019 

Fill-slope  length 

1 

429.48 

429.48 

18.84** 

.006 

Obstruction  density 

1 

297.76 

297.76 

13.07** 

.004 

(9-factor  total  regression) 

9 

68,121.67 

7,569.07 

322.12** 

,  .954 

Remaining  19  factors 

19 

686.27 

36.12 

1.58 

.009 

(28-factor  total  regression) 

28 

68,807.94 

2,457.43 

107.83 

.963 

Error 

115 

2,620.49 

22.79 

**Signif icant  at  1-percent  level. 


'    Standard  error  of  estimated  sediment  movement  distance:  4.77  feet. 

This  analysis  shows  that  the  28  watershed  and  road  factors  account  for 
96.3  percent  of  the  variance  in  distance  of  sediment  movement  downslope  from 
the  shoulder  of  logging  roads.     Nine  of  these  28  factors  are  of  significant 
importance  and  account  for  95.4  percent  of  the  variance.     The  other  19  fac- 
tors, collectively,  explain  only  0.9  percent  of  the  variance,  hence,  they 
are  regarded  as  being  insignificant. 

The  factor  exerting  the  greatest  effect  on  distance  of  sediment  move- 
ment is  distance  from  the  road  shoulder  to  the  first  obstruction  interrupt- 
ing the  sediment  flow  on  the  fill  or  lower  slope.     This  factor  accounts  for 
45.3  percent  of  the  variance  in  sediment  movement  distance  and  indicates 
that  the  sooner  sediment  begins  to  be  obstructed,  the  shorter  the  distance 
it  will  move. 
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The  lower  slope  soil  dispersion  ratio  accounts  for  an  additional 
26o2  percent  of  the  variance.     This  is  the  ratio  of  the  water-stable 
aggregates,  determined  by  aggregate  analysis,  to  the  soil  particles, 
determined  from  mechanical  analysis,  in  the  less  than  O.OS-mm,  size 
class  (silt  and  clay).     This  ratio  reflects  an  inherent  or  natural 
aggregation  that  is  characteristic  of  the  soil  and  represents  the  rela- 
tive abundance  of  silt  and  clay-size  aggregates  in  the  surface  1  inch 
of  the  lower  slope  soil  mantle  that  are  available  for  transport. 

Cross-drain  interval,  or  the  distance  between  effective  cross 
drains  on  the  road  surface,  accounts  for  an  additional  8,3  percent  of 
the  variance.     This  factor  reflects  greater  or  smaller  areas  of  road 
and  cut-slope  surfaces  contributing  runoff  water  to  a  particular  cross 
drain.    Road  widths  were  not  sufficiently  variable  to  contribute  signi- 
ficant differences  in  areas  of  road  surfaces. 

Another  5.8  percent  of  the  variance  is  explained  by  the  road  sur- 
face soil  instability  ratio.     In  effect,  this  means  that,  with  a 
greater  proportion  of  larger  sized  water  stable  aggregates  on  the  road 
surface,  the  proportion  in  smaller  sizes  is  less;  hence,  it  is  more 
difficult  to  dislodge  and  transport  soil  into  cross  drains  and  onto 
fill  and  lower  slopes. 

Upper  slope  steepness  accounts  for  4.0  percent  additional  variance, 
and  is  believed  to  reflect  the  effects  on  sediment  transport  of  varia- 
tions in  velocities  of  overland  flow  from  upper  slopes  and  differences 
in  hydrostatic  heads  on  seepage  flow  out  of  cut  slopes  because  of  dif- 
ferences in  steepness  of  slopes  on  which  roads  are  built. 

The  cut  slope  soil  instability  ratio  accounts  for  another  2,8  per- 
cent of  the  explained  variance.    As  with  road  surface,  this  effect  is 
probably  due  to  the  relative  ease  or  difficulty  of  dislodgment  and 
transport  of  soil  particles,  depending  upon  the  proportions  of  the  soil 
comprised  of  larger-size  aggregates. 

In  addition  to  the  effect  on  sediment -movement  distance  of  the 
proportion  of  silt  and  clay  fractions  on  the  lower  slope  (lower  slope 
soil  dispersion  ratio) ,  the  proportion  in  aggregates  larger  than  2  mm, 
(lower  slope  soil  instability  ratio)  explains  another  1,9  percent  of 
the  variance.     This  effect  may  be  due  to  the  interlocking  of  or  the 
greater  stability  of  larger  aggregates,  which  form  miniature  barricades 
that  trap  part  of  the  finer  fractions  in  transit  on  the  lower  slope. 

Of  small,  but  still  significant  importance,  is  the  additional  0.6  " 
percent  of  variance  which  the  fill  slope  length  explains,  irrespective 
of  differences  in  soil  aggregation  and,  hence,  in  soil  stability. 

Also  quite  small,  but  of  significant  importance,  is  the  0.4  per- 
cent of  variance  due  to  differences  in  the  density  or  intensity  of 
obstruction  spacing  on  fill  and  lower  slopes. 
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Interactions  of  other  important  factors  remain  to  be  investigated 
statistically,  and  several  other  factors  will  be  injected  into  the  analysis. 
It  appears  that  kinds  of  sediment  obstructions  and  the  age  of  the  roads  may 
be  the  most  important  of  these  other  factors.     They  are  being  evaluated  by 
means  of  orthogonal  variables.    Meanwhile,  these  preliminary  results  indi- 
cate which  natural  characteristics  of  watersheds  must  be  duly  considered  in 
locating  and  designing  logging  roads.     They  also  point  out  characteristics 
which  have  significant  influences  on  erosion  and  sediment  movement  and  which 
are,  therefore,  susceptible  to  alteration  by  changing  road  design  specifica- 
tions . 

It  should  be  emphasized  that  the  above  material  represents  only  a  pre- 
sentation of  the  results  of  the  analyses  carried  out  thus  far.  Little  men- 
tion has  been  made  of  the  interpretations  that  will  be  placed  on  the  results 
with  respect  to  practical  considerations  in  logging  road  construction.  Sub- 
sequent reports  will  carry  these  interpretations,  and  the  information  will 
be  used  for  the  development  of  a  practical  guide  for  construction  of  logging 
roads . 

Paul  E.  Packer,  Missoula 

.    SOIL  STABILIZATION  ON  STEEP  SLOPES  PROJECT 

Soil  stability  as  affected  by  logging  methods  (FS-l-w5-2) 

Most  of  the  past  winter's  activity  was  divided  among  the  problem  anal- 
ysis, study  plan  preparation,  and  manuscript  revision.     Kidd's  manuscript 
on  skidtrail  erosion  is  in  the  process  of  becoming  a  Station  paper. 

In  formalizing  plans  for  calibrating  the  Tailholt  and  Circle  End  water- 
sheds, we  have  recommended  that  gages  be  maintained  for  recording  hourly 
precipitation  and  temperature.     This  will  require  some  doing  because  of  the 
remoteness  of  the  watersheds.     It  calls  for  a  140-mile  trip  to  reach  them, 
and  in  winter  the  final  35  miles  require  an  over-snow  trek  through  a  summit 
plagued  by  avalanches.     Rather  than  risk  the  travel  in  a  Tucker  Sno-cat  we 
don't  now  possess,  it  has  been  decided  to  apply  the  military  tactic  of 
"vertical    envelopment" --namely,  the  use  of  a  helicopter. 

Our  plan  is  to  install  a  weighing  type  precipitation  recorder  with  tem- 
perature attachment  capable  of  long  periods  of  unattended  operation.  We  can 
service  the  instrument  on  a  32-  and  64-day  schedule  from  a  heliospot  nearby. 
The  streamgaging  stations  will  receive  the  same  attention  twice  in  a  winter. 
This  past  February,  Kidd  made  the  first  flight  into  the  Tailholt  streamgage, 
landing  on  the  roadway  20  feet  from  the  installation. 

We  have  a  question  about  which  type  of  weighing  precipitation  gage  to 
purchase.    Has  anyone  had  experience  with  a  Stevens-type  Q12M  recorder?  Do 
you  recommend  a  substitute?    Although  it  comes  with  a  high-price  tag,  the 
Q12M  appears  to  meet  the  requirements  for  the  situation.     The  Baltimore 


INT-6 


people  have  nothing  to  offer  that  will  match  it  in  performance.  We  solicit 
your  advice  on  this  subject  no  later  than  May  25, 


Harold  F.  Haupt)  g^.^^ 
Walter  J.  Kidd  ) 

HIGH  SUMMER  RANGE  WATERSHED  REHABILITATION  PROJECT 

Restoring  depleted  slopes   (infiltration)  (FS-l-w6-l) 

During  the  summer  of  1960,  intensive  measurements  of  infiltration, 
soil  stability,  and  soil  and  cover  characteristics  V7ere  made  on  164  infil- 
trometer  plots  distributed  over  a  range  of  plant-soil-slope  conditions  on 
herbaceous  sites  on  and  adjacent  to  the  Ephraim  Creek  watershed  (Utah). 
Infiltration  rates  during  a  30-minute  application  of  simulated  rain  at  an 
intensity  of  5  inches  per  hour  were  determined  at  5-minute  intervals. 

Properties  of  the  soil  were  evaluated  in  this  study  to  a  much  greater 
extent  than  in  any  previous  study  of  this  nature  in  this  region^     Bulk  den- 
sity, moisture  content  at  saturation,  moisture  content  at  60-centimeter 
tension,  and  organic  matter  content  at  depths  of  0  to  1  inch,   1  to  2  inches 
2  to  4  inches,  and  4  to  6  inches  were  measured.     In  addition,  the  surface 
inch  of  soil  was  analyzed  for  texture  and  degree  of  aggregation,  and  the 
surface  2  inches  of  soil  was  sampled  for  moisture  content  immediately  befor 
the  infiltration  test.     Capillary  and  noncapillary  porosities  were  calcu- 
lated from  the  bulk  density,  organic  matter,  and  60-cm.  moisture  content 
data. 

Measured  ground-cover  characteristics  included  air-dry  weight  of 
vegetation,  air-dry  weight  of  litter,  ground-cover  density  of  live  plants, 
ground-cover  density  of  plants  and  litter,  and  the  percent  of  soil  surface 
not  protected  by  plants,   litter,  or  stoneo     Slope,   elevation,  and  aspect 
were  also  recorded. 

Infiltration  rates  were  more  closely  correlated  with  bulk  density  of 
the  surface  inch  of  soil  than  with  any  other  measured  variable.  Surface- 
inch  bulk  density,  alone,  accounted  for  35  percent  of  the  variation  in  in- 
filtration during  the  30-minute-test  period.     Total  porosity,  which  was 
calculated  from  bulk  density  and  organic-matter  content,  was  next  most 
closely  correlated;  and  it  accounted  for  33  percent  of  the  variation. 
Since  noncapillary  pores  are  the  most  rapid  conductors  of  water,  one  would 
expect  noncapillary  porosity  of  the  surface  inch  to  be  an  important  factor. 
However,   it  accounted  for  only  13  percent  of  the  variation.     The  bulk  den- 
sity determinations  were  as  good  as,  or  better  than,  the  pore  volum.e 
determinations  in  characterizing  infiltration  capacity.     This  indicates 
that  more  complete  information  on  soil  porosity  is  needed  than  was  being 
obtained  in  the  initial  phase  of  this  study. 
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A  preliminary  multiple-regression  analysis  showed  that  58  percent  of 
the  variation  in  infiltration  rates  was  accounted  for  by  a  linear  regression 
combining  bulk  density  of  the  surface  inch  of  the  soil,  capillary  porosity 
of  the  soil  at  a  depth  of  1  to  2  inches,  ground-cover  density  of  live  plants 
and  air-dry  weight  of  litter. 

The  poor  correlation  of  noncapillary  porosity  in  the  surface  inch 
coupled  with  the  importance  of  1-  to  2-inch  capillary  porosity  in  the  multi- 
ple regression  equation  suggests  that  the  larger  pores  may  not  be  filled 
with  water  even  within  an  inch  of  the  soil  surface  and,  therefore,  we  are 
dealing  with  an  unsaturated-f low  situation.     If  this  is  the  case,  convention 
al  percolation  measurements  would  be  of  doubtful  value  since  they  are  based 
on  saturated  soil,  ,  ^ 

This  coming  summer,  we  are  extending  this  study  to  the  Davis  County 
Experimental  Watershed  in  northern  Utah  and  to  the  Gravelly  Mountains  in 
southwestern  Montana,    We  plan  to  intensify  our  porosity  measurements  by 
determining  moisture  contents  of  soil  cores  at  20  cm.  and  100  cm,,  as  well 
as  at  60-cm.  tension, 

-  Richard  0.  Meeuwig,  Logan 

WATER  YIELD  IMPROVEMENT  PROJECT 
Resource  condition  inventory   '  - 

Collection  of  current  resource  information  in  the  Great  Basin  drainage 
area  resulted  in  the  following  figures  for  two  of  the  major  vegetation  zones 
in  Utah  of  major  interest  in  water  yield  improvement  studies  (table  3) . 

Table  3. --Areas  occupied  by  aspen  and  mountain  brush, 
by  normal  annual  precipitation  zone,  Utah 


Normal  annual 
precipitation 
zone 


Aspen 


Mountain  brush 


Sq.  miles 


Pet.  of  zone 


Sq.  miles 


Pet,  of  zone 


(Inches) 


6 

-  8 

39.23 

'  1.44 

8 

-10 

35.50 

1.30 

23.04 

0.50 

10 

-12 

26.78 

■  -  0.98 

r?'          52.31  ■ 

1.14 

12 

-16  • 

113,97 

^   '     4,17  . 

682.53 

14.82 

16 

-  20 

320.09 

11.72 

1,356.96 

29.47 

20 

-  25 

734,22 

26.89  :.i 

.:•  1,450.37 

31.50 

25 

-  30 

855,65 

31.33  - 

643.29 

13.97 

30 

-40  • 

551.15 

20.21 

-  340.02 

7.38 

40 

-  50 

48.57 

1.78 

50.44 

1.10 

50 

-  60 

4,98 

0,18 

5.60 

0.12 

Totals 

2,730.74 

100.00 

4,604.56 

100.00 

*The  mountain-brush  zone  consists  of  species  of  oak  and  maple  as  well 
as  ceanothus,  mountain  mahogany,  etc. 
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It  should  be  pointed  out  that,  because  both  vegetation  and  precipita- 
tion maps  were  of  a  generalized  nature,  the  data  have  accuracy  relative 
only  to  their  use  in  a  general  sense  and  caution  should  be  used  in  inter- 
pretation of  these  data.    For  example,  the  39,23-square  miles  shown  for  the 
aspen  type  occurring  in  the  6-  to  8-inch  normal  annual  precipitation  zone 
probably  is  not  actually  correct.     The  precipitation  map  used  as  an  overlay 
on  the  vegetation  map  does  not  indicate  local  variations  in  precipitation 
and,  hence,  the  probable  inclusion  of  the  39  square  miles  of  aspen  in  a 
precipitation  zone  that  prevails  for  the  immediate  locality  in  which  the 
aspen  occurred  is  misleading. 

The  modification  of  vegetative  cover  for  potential  increases  in  water 
yield  depends,  among  other  things,  on  precipitation  adequate  to  more  than 
equal  normal  evaporation  losses.     Generally,  it  is  considered  that  areas 
receiving  less  than  15  or  16  inches  of  annual  rainfall  do  not  hold  much 
promise  for  water-yield  increases.    With  this  in  mind,  the  feature  that 
stands  out  concerning  the  information  in  table  3  is  the  fact  that  92,7  per- 
cent of  the  area  of  the  aspen  type  in  Utah  receives  more  than  16  inches  of 
precipitation  annually.     The  mountain-brush  type  receives  at  least  16 
inches  of  rainfall  on  83.5  percent  of  its  area.     Thus,  it  seems  apparent 
that  both  of  these  vegetation  types  do  hold  definite  possibilities  for  in- 
creases in  water  yield  through  manipulation  to  reduce  evaporation  losses 
due  to  transpiration. 

John  D.  Schultz,  Logan 

RAIN-ON-SNOW  FLOOD  REDUCTION  PROJECT 

Calibration  of  Dog  Creek  watersheds  (FS-l-w3-2) 

The  two  gaged  watersheds  in  Dog  Valley  were  subjected  to  the  Donner 
Ridge  fire  (see  Semiannual  report  April-Sept.  1960)  and  severe  erosion  1 
year  later  (see  Semiannual  report  April-Sept,  1961),     These  two  events  make 
it  necessary  to  apply  treatments  to  these  drainages  before  a  sufficiently 
long  calibration  period  has  passed.    A  considerable  investment  has  already 
been  made  in  these  watersheds  and  acceptable  research  results  might  still 
be  gleaned  from  them  through  the  approach  which  follows.     These  plans  are 
tentative.    Your  comments,  prior  to  their  insertion  into  the  revised  study 
plan,  are  solicited. 

A  gaging  station  will  be  installed  this  summer  in  a  third  watershed 
that  will  be  a  control.     This  drainage  lies  immediately  north  of,  and  is 
similar  in  size,  shape,  and  elevation  to  the  other  two.    Good  forest  cover 
exists  in  this  watershed.     It  is  unlikely  to  change  rapidly  in  the  near 
future.    Watershed  1,  the  most  severely  damaged  by  the  fire  and  flood,  is 
being  cleared  of  all  merchantable  timber.    An  intensive  system  of  contour 
trenches  will  be  installed  on  this  watershed  during  the  coming  field  season. 
Artificial  revegetation,  principally  through  tree  planting,  will  follow. 
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Watershed  2,  partly  burned  over  in  1950  (50  acres)  and  again  in  1960  (55 
acres),  will  receive  only  vegetative  treatment.    Dead  and  high-risk  timber 
is  now  being  removed  from  the  1960  burned  area.     Tree  planting,  where  neces- 
sary, will  follow  on  this  burn.     The  1950  burn  has  practically  healed  but 
further  artificial  revegetation  might  help  there  as  well. 

Within  3  years  we  hope  to  have  Watershed  1  successfully  revegetated  and 
covered  with  intensive  land-treatment  measures,  W'atershed  2  adequately 
covered  with  vegetation,  and  Watershed  3  with  its  presently  good  forest 
cover.     There  will  be  no  way  of  immediately  determining  treatment  results  on 
Nos.  1  or  2  as  there  is  little  measure  of  original  differences  among  the 
three  watersheds.    However,  we  hope  that  changes  in  amount  and  pattern  of 
runoff  through  a  10-  or  20-year  period  on  each  watershed  will  adequately  re- 
flect treatment  effects.     Treatment  effects  will  still  be  confounded  with 
natural  changes  on  these  same  areas;  but  intensive  sampling  of  vegetation, 
soil-moisture  regime,  as  well  as  snow  catch  and  melt  over  the  extended  pe- 
riod, may  help  sort  out  natural  changes  from  treatment  effects, 

Haupt's  lengthy  dissertation  on  infiltration  and  soil  erosion  on  frozen 
and  snow-covered  terrain  in  the  east  Sierra  Nevada  has  been  assembled  for 
review  by  the  infiltration  experts  outside  the  Station, 


Norbert  V.  DeByle,  Reno 
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LAKE  STATES  FOREST  EXPERIMENT  STATION 


General 


People 


Three  members  of  our  small  staff  are  taking  graduate  study  at 
three  different  universities.     Don  Boelter  has  completed  all 
his  course  work  toward  his  Ph.  D.  from  Minnesota.     He  is  work- 
ing on  his  thesis.     Dave  Striffler  is  at  about  the  sane  stage, 
but  v/ith  Michigan  University.     Dean  Urie  is  taking  advanced 
course  work  at  Michigan  State  University. 

Planting  Studies 

First-year  counts  made  on  the  rehabilitation  plantings  on  the 
Coulee  Experimental  Forest,   La  Crosse,  Wis.,   in  spring  1961 
showed  overall  survivals  of  about  90  percent  for  all  plantings. 
Involved  are  11  species,  4  age  classes,  and  a  number  of  treat- 
ments involving  2  transpiration  retardants,  and  one  method  of 
shading.     Results  to  date:     Only  minor  differences  in  survival 
were  observed  on  south  as  compared  with  north  slopes.     This  is 
apparently  due  to  the  favorable  season  as  regards  rainfall  and 
its  distribution. 

Differences  in  survival  were  observed  between  age  classes  of 
red  pine.     Transplant  stock  showed  an  advantage  over  3-0  stock. 

The  two  transpiration  retardants  (a  latex  product  and  hexa - 
decanol)  showed  no  appreciable  benefit  to  survival  when  applied 
as  foliage  dips. 

Brush  shading  showed  no  benefit  in  increased  survival  of  trees. 

All  ground  preparation,   involving  some  30.5  miles  of  level 
beach  terrace,  was  accomplished  with  a  light  angle  dozer  at 
an  average  cost  of  $12.20  per  mile,  or  $12.57  per  acre  cal-  . 
culated  at  an  8-foot  row  spacing. 

More  plantings  are  scheduled  for  spring  1962  on  the  planta- 
tion rehabilitation  project. 

--Joseph  H.  Stoeckeler 
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Cadillac,  Michigan 


The  Year  of  the  Big  Snow 

Winter  1961-62  broke  all  existing  records  for  winter  precipi- 
tation and  cold  weather  at  the  Udell  Experimental  Forest  and 
most  of  northern  Michigan.     At  the  end  of  February,  the  snow- 
pack  measured  34  inches  and  contained  7.5  inches  of  water. 
Total  precipitation  for  January,  February,  and  March  was 
about  8  inches,  2-|  inches  above  normal.     A  record  lov;  tempera  - 
ture  of  minus  33°  F.  v/as  also  recorded.     The  snowpack  has 
begun  to  melt  now,  and  shallow  ground -water  tables  are  rising 
rapidly.     Hardwood  swamps  are  generally  flooded.     It  promises 
to  be  a  good  year  for  mosquitoes. 

Sediment  Analysis 

We  have  determined  from  correspondence  around  the  country  and 
by  reading  study  plans  that  three  methods  of  sediment  analysis 
are  commonly  used  by  Forest  Service  research  people.  These 
methods  include  filtration  using  filter  paper,  filtration 
using  Gocch  crucibles  with  a  filter  disk,  and  evaporating  the 
sample  and  weighing  the  residue.     Each  method  has  its  advan- 
tages and  disadvantages.     For  example,  filter  paper  is  highly 
hygroscopic  and  must  be  weighed  and  handled  in  an  airtight 
weighing  bottle.     Filter  paper  also  passes  a  portion  of  the 
fine  sediment e     Filter  crucibles,  on  the  other  hand,  are 
generally  quite  sensitive  and  accurate.     The  small  filter 
disk,  however,  becomes  clogged  quickly  and  requires  exces- 
sive time  to  pass  large  volumes  of  water.     One  solution  to 
this  is  to  use  several  crucibles  for  filtering  unusually 
turbid  samples.     Evaporating  the  entire  sample  and  weighing 
the  residue  should  be  most  accurate;  however,  a  separate 
determination  to  determine  a  dissolved  solid  correction 
value  is  required,  thus  increasing  the  number  of  weighing 
operations  and  increasing  potential  sources  of  error. 

We  ran  a  test  to  compare  these  three  methods  using  known 
concentrations.     Samples  of  100,  500,  and  1,000  p. p.m.  of 
Fuller's  Earth  in  distilled  water  were  used.     Five  replica- 
tions were  run  on  each  method  and  concentration.  Results 
are  below; 
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Known 
concentration 
(p,  p.m.  ) 


Measured  concentration 
Filter  paper    Gooch  crucible  Evaporation 
(p. p.m.)  (p. p.m.)  (p. p.m.) 


100 
500 
1,000 


80  t  14 
435  ±  4 
877  t  g 


95  ±  1 
463  t  12 
881  t  10 


104  t  4 
448  t  13 
900  t  5 


The  most  surprising  thing  to  us  is  that  the  evaporation  test 
was  not  closer  to  the  known  concentration.     For  the  500  and 
1,000  p. p.m.   levels,   it  ran  about  10  percent  low.     It  still 
appears,  however,  to  be  the  most  accurate  method.     Most  likely 
source  of  error  is  the  dissolved  solids  determination,  although 
we  have  noticed  that  our  pyrex  beakers  do  not  retain  a  constant 
tare  weight  but  vary  between  successive  tests. 


--Dave  Striffler 
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Grand  Rapids^  Minnesota 


More  About  Steel  Cut -Off  Walls 

At  the  time  the  last  semiannual  report  went  to  press  we  were 
in  the  process  of  constructing  several  type  "h"  flumes  at  the 
outlets  of  two  of  our  swamp  watersheds.     Galvanizeri_,  sheet 
steel  piling  with  interlocking  edges  was  used  for  the  cut-off 
walls.     The  original  plan  was  to  drive  these  steel  panels  in 
place,  but  because  of  equipment  problems  we  had  to  excavate, 
set  up  the  panels,  seal  the  edges,  and  then  backfill.  The 
approach  section  to  the  flume  was  then  bolted  to  this  steel 
wall . 

Three  of  these  steel  cut-off  walls  were  constructed  last  .fall 
just  before  freeze-up.     They  functioned  perfectly  during  the 
few  weeks  before  streamflow  ceased. 

Because  of  costs  and  ease  of  construction  in  low,  wet  areas, 
we  feel  these  steel  walls  merit  consideration.     Our  cost  for 
one  complete  installation  with  a  20-foot-long  cut-off  wall, 
2 -foot  type  "h"  flume,  and  10-foot -long  approach  section, 
was  $1,220.     This  also  included  a  proportionate  share  of 
road  reconstruction  and  labor  (including  professional  time). 
The  instrument  and  planning  time  are  not  included. 

Volumetric  Moirture  Content  of  Peat 

It  is  quite  common  to  express  the  moisture  content  of  a  soil 
as  a  percent  by  ovendry  weight  basis;  that  is,  one  hundred 
times  the  ratio  of  the  weight  of  water  to  the  weight  of 
ovendry  material.     Though  this  method  has  long  been  used 
with  mineral  soils  and  is  the  method  most  frequently  used 
for  orecanic  soils,  we  feel  the  expression  of  moisture  con- 
tort of  peat  in  this  manner  can  lead  to  erroneous  conclu- 
sic;is  of  the  actual  amount  of  water  that  a  peat  may  contain 
as  compared  to  mineral  soil  or  other  peat  tj'pes .     Data  in 
table  1  illustrate    this  point. 
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Table  1. --Moisture  content  of  peats 


Expressed  as 

Tension  (bar)  ' 
0  0     :  0  5     •   15  0  • 

Bulk 
(wet 

dens  i  ty 
volume) 

(gm 

. /cc . ) 

Sphagnum  moss  peat 

% 

by 

ovendry  weight 

basis 

3528.6     419.0  162.4 

0 

.028 

% 

by 

volume 

98.8       17.4  4.6 

Aggregated  peat 

% 

by 

ovendry  weight 

basis 

332.8    221.4  103.9 

.249 

% 

by 

volume 

83.1      45.6  25.8 

Sedge  peat 

% 

by 

ovendry  weight 

basis 

744.0    357.2  106.0 

.  120 

% 

by 

volume 

89.4       41.4  12.7 

From  the  moisture  contents  expressed  as  %  on  an  ovendry  weight 
basis,   it  appears  that  the  moisture  content  of  the  sphagnum 
moss  peat  at  saturation  is  5  and  10  times  greater  than  that 
for  sedge  and  aggregated  peat  respectively.     At  0.5  and  15.0 
bar  tensions,  the  differences  are  not  as  great,  but  the  sphagnum 
moss  peat  has  the  highest  values  at  all  tensions. 

When  the  moisture  contents  are  given  on  a  %  by  volume  basis, 
we  find  that  the  moisture  content  of  sphagnum  peat  moss  at 
saturation  is  only  10  to  20  percent  higher  than  aggregated 
or  sedge  peat.     At  0.5  and  15.0  bar  tensions,  the  moisture 
content  of  aggregated  and  sedge  peat  are  actually  consider- 
ably higher  than  those  of  sphagnum. 

The  earlier  values  (7o  by  ovendry  weight  basis)  could  (and  have) 
lead  people  to  conclude  that  sphagnum  moss  peats  hold  much 
greater  amounts  of  water  than  other  peat  types.     Moisture  con- 
tents (%  by  volume)  show  that  the  relative  differences  aren' t 
as  great  as  the  earlier  values  seem  to  indicate  and  may  even 
be  reversed. 
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It  must  be  remembered  that  peat  has  a  1o\j  dry -weight -per -uni t 
volume  as  compared  to  mineral  soil,  and  different  peat  types 
have  quite  different  dry -weight -per -unit  volume.     Bulk  density 
(v/et  volume)  shown  in  the  table  indicate  that  the  amount  of 
ovendry-ma terir*  1-per-uni t  volume  is  approximately  6  and  10 
times  higher  for  sedge  peat  and  aggregated  peat  than  for 
sphagnum  moss  peat. 

Since  a  volumetric  measure  of  moisture  content  of  peat  more 
accurately  describes  the  moisture  condition  of  peat  materials, 
this  method  will  be  used  in  our  bog  v;atershed  studies. 

Bulk  Density  (Wet  Volume) 

In  order  to  express  the  moisture  content  on  a  volume  basis ^ 
we  must  either  obtain  a  moisture  sample  of  known  volume,  or 
obtain  graviinetric  moisture  samples  and  convert  the  values 
to  volume  measurements  using  the  amount  of  ovendry -materia  1 - 
per-un:. t  volume. 

Since  a  loss  of  volume  (shrinkage)  of  60  to  70  percent  upon 
drying  is  not  uncommon  with  peats,  it  is  necessary  to  deter- 
mine the  bulk  density  based  on  the  wet  volume.     These  values 
we  call  bulk  density  (wet  volume).     Values  given  in  the 
previous  table  are  typical.     Bulk  density  based  on  the  oven- 
dry  volume  describes  an  artificial  condition,  and  the  value 
is  of  no  use  in  describing  hydraulic  properties  of  peat.  Yet, 
it  is  the  value  most  often  determined  in  the  past  and  reported 
in  the  literature. 

--Roger  R.  Bay 
--Don  H.  Boelter 
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La  Crosse,  Wisconsin 
Small  Flumes  for  Measuring  Springflow 

In  our  last  report  we  described  a  small^   inexpensive  H-type 
flume  that  we  were  experimenting  with  on  springs.     Since  the 
flume  itself  is  too  small  to  support  a  well,  we  built  this  as 
a  separate  unit--also  from  sheet  metal.     Flume  is  connected 
to  well  by  copper  tubing  intakes  joined  with  short  lengths 
of  plastic  hose. 

One  unit  froze  during  protracted  spells  of  below-zero  weather, 
but  it  thawed  out  by  itself  when  the  weather  warmed  up.  One 
cannot  use  oil  tubes  with  a  flume.     This  year  we  will  drill 
little  weep-holes  in  the  wells  to  provide  a  constant  change 
of  water.     Since  our  water  temperature  doesn' t  go  much  belov/ 
40,   this  should  prevent  freezing  no  matter  how  cold  it  gets. 

Although  it  is  nice  to  have  an  uninterrupted  record,  a  con- 
tinuous winter  record  is  uninportant.     Except  for  minor  fluc- 
tuations, which  Curtis  discusses  below,  winter  discharge  can 
be  plotted  from  monthly  or  biweekly  readings. 

More  About  Rainfall 

For  two  summers  we  operated  a  special  series  of  rain  gages  to 
test  the  effect  of  aspect  on  rainfall  distribution.     Nine  gages 
were  distributed  in  a  horseshoe  pattern  on  opposite  sides  and 
on  the  point  of  a  steep,  hogback  ridge.     One  gage  was  placed 
right  on  top  of  the  ridge.     The  ridge  runs  at  right  angles  to 
the  direction  from  which  storms  usually  come.     Analysis  of  the 
data  sho'.ved  slightly  higher  catch  on  the  leeward  (northeast) 
side  than  on  the  windward  (southwest)  side  and  the  top  (table  2 
Gages  around  the  point,  which  faces  southeast,  had  the  least. 
Since  we  couldn't  always  measure  rainfall  right  after  the  storm 
evaporation  from  the  gages  could  be  confounded  with  actual 
differences  in  fall.     Greatest  differences  were  from  smaller 
storms,  where  evaporation  effect  would  be  greatest. 
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Table  2. --Total  accumulated  rainfall  catch  for  two  summers. 


by  storm  size,  averaged  by  aspects 


(Inches) 


Number  of 
readings 


Gage  catch 


Storm  size 


Wortheas t 
(leeward) 


youtheas  t  ~ 
(point)  i 


youthv/est 
(windward) 


Top 


All  storms 


0.0  -  0.5 
.5   -  1.0 

1.0  + 


9 
9 

11 
29 


2.5G 
7.01 
20.53 
30.10 


2.04 
6.78 
19.49 
28.31 


2.  63 
6.88 

19,81 
29.32 


Although  the  differences  are  too  small  to  be  hydrologica lly 
meaningful,  they  are  statistically  significant  as  tested  by 
analj/sis  of  variance. 

We  also  wondered  about  the  effect  of  elevation  on  rainfall 
over  our  dissected  plateau  kind  of  terrain.     To  test  this 
we  analyzed  the  records  from  a  ridgetop  gage  and  a  valley 
gage.     They  are  about  one -fourth  mile  apart  and  have  an 
elevaticnal  difference  of  400  feet.     Total  amounts  from 
29  catches  were  29.59  for  the  valley  gage  and  23.97  for  the 
ridgetop  gage.     These  gages  are  both  closer  to  the  aspect 
gages  described  above  than  they  are  to  each  other.     For  a 
comparable  period^  the  catch  of  the  valley  gage  agreed 
within  1  percent  with  the  average  of  the  northeast  aspect 
gages. 

For  the  hillside  gages  we  used  12 -inch -high  galvanized  cans 
fitted  v;ith  standard  8-inch  orifice  funnels.     At  first  we 
used  milk  cartons  for  inner  cylinders,  but  we  found  that 
the  transformer  oil  we  used  to  suppress  evaporation  dis- 
solved the  paraffin  in  the  carton.     So  we  switched  to 
plastic  bottles. 


If  you  have  thought  about  plastic  bottles  and  have  rebelled 
at  scientific  supplies  catalog  prices,  we  have  news  for  you. 
You  can  buy  1-quart  bottles  full  of  household  bleach  for  19 
cents  each.     Two-quart  size--which  has  a  handy  handle--cost 
all  of  39  cents.     We  use  the  small  ones  in  our  short  gages 
and  the  2 -quart  ones  equipped  with  plastic  funnels  (which 
fit  snuglj7  in  the  neck  of  the  receiver)  and  plastic  hose 
to  reach  the  bottle  in  our  regular  standard  cans.  You 
never  sav;  so  much  bleach  go  down  the  drain  in  all  your  life. 

Snow  Survey  Shows  More  Water  Than  Measured  Precip. 

At  the  end  of  a  cold,  snowy  year  for  these  parts,  a  snow  sur- 
vey of  the  Coulee  Experimental  Forest  showed  a  quite  uniform 
snowpack  water  equivalent  of  5.1  inches.     And  the  only  thing 
strange  about  this  was  that  our  total  measured  precip.  begin- 
ning with  the  first  snow  in  December  was  only  4.4  inches  in 
the  gage  having  the  greatest  catch.     We  concede  that  some  of 
the  difference  could  be  due  to  deficient  gage  catch  Othe  gage 
is  not  artificially  shielded,  but  is  in  a  small  forest  open- 
ing), but  we  also  wonder  if  the  snowpack  might  not  have 
absorbed  considerable  atmospheric  moisture  over  a  3-month 
period.     Temperatures  were  extremely  cold  and  humidity  high 
most  of  the  time.     Any  comments? 

We  checked  cut  our  snow  scales  and  they  measure  a  little  low, 
if  anything.     Our  snow  survey  included  127  points.  Standard 
error  was   .08  inch. 


Moisture  Migration  'Vith  Soil  Freezing  as  Measured  by  Neutron 
Meter 


We  haven' t  worked  up  the  results  yet,  but  do  have  some  good 
data  from  this  winter's  measurements.     We  took  weekly  measure- 
ments at  6-inch  intervals  in  three  tubes.    One  tube  was  in 
bare  ground;  one  in  uncut,  matted,  bluegrass ;  and  one  in  uncut, 
matted  bluegrass  covered  with  a  G-inch  depth  of  hay.     The  tubes 
are  about  25  feet  from  each  other.     We  shovelled  snow  away  from 
all  but  the  hay-covered  plot.     By  the  end  of  the  season,  frost 
was  38  inches  deep  on  the  bare  plot;  about  28  inches  deep  on 
the  grass,  uncovered;  and  1  to  2  inches  on  the  hay-covered  plot. 
The  hay-covered  plot  was  frost-free  most  of  the  time,  and  the 
shallow  frost  that  did  develop  lasted  for  only  2  weeks. 
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If  you  haven' t  already  thought  of  this,  you  can  save  eyestrain 
by  dabbirg  or  spraying  the  6-  and  12 -inch  markings  (or  what- 
ever intervals  you  work  with)  of  the  meter  cable  with  aluminum 
or  some  other  lijrht -colored,  fast-drying  paint.     Saves  much 
time  in  positioning  the  cable. 

In  the  following  section  Curtis  gives  you  the  results  of  his 
more  recent  gadgeteering,  done  mostly  on  his  own  time.  They 
really  work,  too. 

Kar.dy  Aids  for  the  Watershed  Manager 

A  number  of  devices  or  gadgets  have  been  developed  and  are  in 
use  at  La  Crosse  to  aid  and  improve  record  collection  and 
computations.     The  first  was  an  automatic  trig^^er  device  for 
use  on  F//-1  water  level  recorders.     This  wac  published  in  the 
Journal  of  Forestry,  Vol.  58,  Ko,   10,  October  19G0.     We  now 
have  13  recorders  so  equipped  which  are  installed  on  ephemeral 
streans  or  plots  where  flov/s  occur  only  after  rein  or  snowraelt 
periods.     Considerable  time  has  been  saved  as  a  result  of  use 
of  the  trigger  device.     We  have  found  "near -perfect"  opera- 
tion thus  far. 

However,  tests  using  gears  on  the  "v/eekly"  shaft  have  resulted 
in  negative  resultis„     We  installed  a  number  of  FW-1  recorders 
Vv'ith  192 -hour  gears  with  the  trigger  device.     Each  week  for  a 
few  we^ks  these  stations  were  visited  and  every  time  the  clock 
was  runniiig  or  run  down,  even  though  the  chart  cylinder  was 
still  held  by  the  trigger.     We  first  thought  gear  slippage  on 
the  shafts  was  the  problem.     We  soon  found  this  was  not  the 
case.     The  192-hcur  gears  were  replaced  with  24-hour  gears, 
the  24-hour  gears  being  installed  on  the  "daily"  clock  shaft. 
Everything  worked  as  planned.     For  some  unexplained  reason, 
the  clocks  cannot  be  stopped  by  back  pressure  on  gears  placed 
on  the  weekly  shaft.     But  any  timegear  (6-,  12-,  24-hour)  on 
the  daily  shaft  works  satisfactorily. 

An  " no' 1  ting  bos rd"  for  use  in  computing  analog-to-dif^ital  charts 
has  be^n  constructed.     The  board  permits  rapid  winding  and 
rewinding  of  charts.     A  2 -month  supply  of  tape  punched  at 
5 -minute  intervals  is  about  144  feet  long.     Hand  winding  this 
much  tape  is  tedious  and  time-consuming.     Two  Kodak  movie 
rewind  (No.  6S)  standards  were  mounted  about  40  inches  apart 
on  a  board  48x6x3/4  inches.     Plastic  guides  were  mounted  about 
30  inches  apart  between  the  standards  to  hold  the  tape  flat 
against  the  board.     A-D  recorder  takeup  spools  sod  pins  are 
used  on  the  spindles  of  the  standards  for  winding  the  tape. 
Parts  cost  about  $10.     A  writeup  of  construction  of  the 
"board"  has  been  completed  and  publication  is  planned  in  the 
near  future. 
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Also  just  completed  is  a  device  for  automatically  starting 
recording  rain  gages  when  rainfall  begins.     The  device  utilizes 
the  same  principle  as  the  FW-1  device  for  holding  the  clock 
in  a  stopped  position  until  triggered.     The  mechanism  is  such 
that  any  desired  amount  of  water  will  start  the  action.  Ours 
is  set  for  tripping  with  about  0.01  inch  of  precipitation. 
This  device  has  been  written  up  for  publication. 


A  gadget  is  now  being  built  for  measuring  depth  to  the  water 
surface  in  deep  wells.     A  D. C. -millimeter  and  a  22j-volt  photo- 
flash  battery  have  been  mounted  in  a  plastic  case.     Wires  from 
the  meter  will  be  connected  to  the  measuring  wire  (24  AWG 
stranded  2 -conductor  speaker  cable).     The  wire  is  to  be  gradu- 
ated and  used  in  the  place  of  a  tape.     For  handling  the  wire 
a  fishing  reel  with  brush  takeoff  for  the  battery  circuit  will 
be  used. 


The  tape  is  lowered  into  the  well.     As  soon  as  the  ends  of  the 
wire  touch  the  water^  the  circuit  is  completed  and  the  meter 
will  give  a  steady  reading.     By  measuring  the  amount  of  wire 
in  the  we  11^   the  depth  to  water  is  known. 

Any  experience^,  questions,  or  comments  concerning  any  of  the 
above  gadgets  and  problems  will  be  appreciated.     If  you  would 
like  more  information, let  us  know. 

Corralation  of  Springflow  and  Atmospheric  Pressure  on  the  Cou lee 
Experimental  Forest  in  Southwestern  Wisconsin 


Springflow  measurements  began  in  December  1959  on  the  Coulee 
Experimental  Forest.     Five  springs  are  currently  being  measured, 
but  only  one  (S-9)  is  considered  in  this  presentation. 


The  discharge  from  springs  in  southwestern  Wisconsin  is  at  a 
relatively  low  level  during  v/inter.     In  the  spring  (April-May) 
it  rises  abruptly  and  generally  reaches  the  highest  level  of 
the  year.     This  peak  is  followed  by  a  declining  trend  during 
summer.     Late  summer  and  fall  rains  recharge  the  soil  and 
ground-water  reservoirs  slightly  during  late  October  or  early 
November . 


During  the  winter  months  there  is  a  gradual  depletion  of 
ground-water  discharge.     This  depletion  may  be  attributed  to 
the  fact  that  the  ground  remains  frozen,  and  precipitation, 
largely  in  the  form  of  snov/,  cannot  infiltrate  to  recharge 
the  ground-water  reservoirs. 
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Superimposed  upon  the  depletion  curve  are  many  small  fluctua- 
tions (fig.   1).     These  fluctuations  are  inversely  related  to 
atmospheric  pressure;  that  is,  increases  in  pressure  produce 
decreases  in  springflow,  and  conversely.     In  figure  1  the 
pressure  scale  is  inverted  so  that  direct  comparisons  can  be 
made  more  readily. 

Whether  we  have  a  confined  aquifer  and  atmospheric  pressure 
influences  the  discharge  at  the  spring  opening  as  it  does 
in  wells  penetrating  confined  aquifers  are  not  known.  It 
has  been  assumed  that  the  spring  discharges  from  a  water 
table. 

We  may  have  a  temporary  "confined"  aquifer  due  to  soil  freez- 
ing and  saturation.     However,  some  fluctuations  have  also  been 
noted  during  the  summer  months  when  the  soil  profile  definitely 
was  not  saturated. 

A  comprehensive  writeup  of  the  "Effect  of  Atmospheric  Pressure 
on  Springflow"  is  planned  for  late  summer  or  fall.     In  the 
meantime,  this  preview  is  being  shown  in  order  to  obtain  criti- 
cism, comments,  advice,  recommendations,  helpful  hints,  ques- 
tions, explanations,  etc.     Yours  will  be  appreciated. 

--Richard  S.  Sartz 
--Willie  R.  Curtis 
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NORTHEASTERN  FOREST  EXPERIMENT  STATION 
Division  of  Watershed  Management  Research 
Semi-annual  Report  April  1962 


GENERAL 

Reading  between  the  lines  sent  us  by  our  watershed  researchers, 
you  will  note  that  Ken  Reinhart  is  somewhat  harassed  by  our  attempt  to  put 
the  Fernow  results  in  four  periodicals  and  one  Station  paper  plus  a  couple 
of  other  commitments  we  have  made  for  him.     Nevertheless,  Ken  is  also 
digging  deeper  into  the  Fernow  watershed  records- -research  in  depth,  that 
is--driven  as  much  by  curiosity  as  a  yen  for  basic  research.     Irv  Reigner 
(our  only  watershed  researcher  solely  responsible  for  12  watersheds)  con- 
tinues to  keep  our  cooperators  happy  while  trying  to  meet  yesterdays  dead- 
lines.    Bob  Pierce  at  Laconia  spent  much  of  the  past  6  months  on  lab  plans 
while  George  Hart  toted  textbooks  at  the  University  of  Michigan;  Ray 
Leonard  kept  the  store.     Art  Eschner  is  also  attending  classes  at  Syracuse, 
sandwiching  them  in  between  snow  surveys,  and  work-plan  writing. 

For  a  respite,  we  have  scheduled  a  streamf low-data  conference  in 
June  for  all  our  watershed  people,  the  Station  statistical  staff,  Pro- 
fessors Sopper  (Penn  State)  and  Satterlund  (Syracuse),  and  Coweeta  s 
Ron  Hibbert«     Up  for  discussion  will  be  our  present  and  other  means  of 
compiling  and  analyzing  streamf low  records, 

Elkins  Research  Center 

With  reduced  staff  (Art  Eschner 's  replacement  not  due  until  April), 
we  have  been  hard  put  to  keep  up  with  the  routine  load  of  record  collection 
and  compilation  and  an  above-average  publication  commitment. 

In  addition,  some  analyses  were  accomplished  in  the  period.  One 
concerned  an  approach  toward  predicting  the  effect  of  heavy  cutting  on 
areas  other  than  the  experimental  area«     It  dealt  principally  with  the  in- 
fluence of  amount  and  distribution  of  precipitation  on  the  magnitude  and 
timing  of  increase  in  discharge  that  might  be  expected  to  follow  cutting. 
Another  concerned  the  effect  of  the  Fernow  clear-cutting  on  surface  run- 
off and  storm  flowa     It  showed  that  there  was  very  little  increase  in 
surface  runoff  and  the  quantity  of  the  increases  in  storm  discharge  ranged 
up  to  one-half  area  inch.     With  our  logging  method,  most  of  the  forest 
floor  has  remained  essentially  undisturbed;  this  probably  explains  why 
surface  runoff  and  storm  discharge  were  not  greatly  increased. 
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Another  analysis  showed  that  the  commercial-clearcutting  watershed 
1  not  only  increased  strearaflow  but  it  also  reduced  precipitation  catch. 
The  catch  of  one  of  the  two  precipitation  gages  (unshielded  standard  cans 
over  a  4-year  period  was  reduced  3.2  percent  (as  estimated  from  a  regress 
ion  on  the  catch  of  a  control  gage  outside  the  watershed),  for  the  other 
gage,  2.7  percent.  Before  cutting  the  gages  were  in  forest  openings  with 
a  45°  opening      Clearcutting  exposed  the  gages  to  unaccustomed  drafts. 

A  conference  was  held  with  the  USGS  Groundwater  Hydrologist  at 
Morgantown  in  February;  tentative  plans  were  made  for  a  limited  investi- 
gation of  groundwater  conditions  on  the  Fernow  Experimental  Forest. 

We're  looking  forward  to  the  arrival  of  James  Hornbeck,  who  has 
just  completed  his  work  for  Masters  Degree  at  Penn  State,  about  April  1st 

Ken  Reinhart  has  been  appointed  to  the  Water  Resources  Committee 
of  the  Upper  Monongahela  Valley  Association. 

LACONIA  RESEARCH  CENTER 

Windshields  and  Orifice  Orientation  for  Rain  Gages 

A  study  of  the  value  of  windshields  and  tilting  precipitation 
gages  in  a  forest  opening  on  one  of  the  Hubbard  Brook  watersheds  was  con- 
cluded-    Precipitation  catch  from  standard  gages  equipped  with  Alter  type 
windshields  was  compared  with  the  catch  from  nonshielded  gages,  Some 
windshields  were  placed  so  the  upper  rim  was  horizontal,  while  others 
were  tilted  parallel  to  the  slope.    Likewise  the  orifice  plane  of  the 
gage  was  placed  either  in  a  horizontal  position  of  tilted  parallel  to 
the  slope.     Various  combinations  of  the  above  were  tried. 

Our  results  were: 

1.  Alter  type  windshields  increased  the  catch  by  about  5  percent 
during  periods  of  snowfall,  and  1  to  2  percent  when  rain  fell* 

2.  Tilting  the  windshield  parallel  to  the  land  slope  had  a  negli- 
gible effect  on  the  catch. 

3.  Tilting  the  gage  parallel  to  the  slope,  when  the  gage  was  used 
in  conjunction  with  the  windshield,  did  not  materially  increase  the  catch 

4.  A  2  percent  increase  was  noted  for  a  tilted  gage  as  opposed  to 
a  nontilted  gage  when  both  were  unshielded. 

Results  are  being  combined  with  Reinhart 's  Fernow  comparison  of 
rainfall  catch  in  a  forest  opening  and  in  a  clearcut  watershed  for  a 
Station  Note. 
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stilling  Well  Heater 


A  simple  heater  for  eliminating  ice  development  in  gage  house 
wells  was  designed  and  successfully  used  this  past  winter.     The  heater 
consists  of  a  single  gas  pilot  burner  similar  to  those  used  as  pilots 
for  household  gas  cooking  stoves.     The  burner  is  mounted  on  an  empty  one- 
gallon  air-tight  Prestone  can  which  serves  as  a  float,     A  piece  of  sheet 
zinc  is  fastened  in  a  semi -ci rcular  fashion  over  the  burner  (Quonset-hut 
style)  to  the  can  so  that  heat  is  reflected  downward,     A  short  section 
of  copper  tubing  is  attached  to  the  burner  and  is  bent  in  an  upside-down 
L  so  that  the  other  end  is  1  to  2  inches  below  the  water  line.  Flexible 
plastic  tubing  is  fastened  to  this  end  of  the  copper  tubing  and  to  the 
outlet  of  the  tank  of  bottled  gas  propane) =     The  below-water  level 
junction  of  the  copper  and  plastic  tubing  assures  a  cool  connection 
eliminating  excessive  heat  to  the  plastic.     The  floating  heater  imparts 
heat  to  the  water  surface  by  both  reflection  and  conduction.  Ice-free 
wells  were  achieved  this  winter  with  such  heaters  in  spite  of  several 
prolonged  periods  of  below  zero  weather.     One  twenty-pound  capacity 
tank  of  gas  will  last  for  about  two  months.. 

Air  and  Snow  Temperatures 

An  analysis  of  George  Hart's  air  and  snow  temperatures  from  last 
winter's  measurements  gave  some  indication  of  the  effect  of  snow  depth 
on  soil  freezing.     Air-temperatures  regressed  against  temperatures 
within  the  snow  pack  at  6,  12,  and  18-inch  depths  gave  a  family  of 
linear  regressions  with  progressively  decreasing  slopes  with  increasing 
snow  depth.     At  18  inches  the  relationship  was  horizontal  at  31  1/2°F 
for  a  range  of  air  temperatures  from  31  -  4°F. 

NEy  LISBON  RESEARCH  CENTER 

Since  the  addition  of  Karl  Nicholas  as  a  full-time  aid  to  the 
watershed  management  staff,  the  backlog  of  streamflow  charts  is  rapidly 
becoming  meaningful  data..     Streamflow  computations  for  the  three  Newark 
watersheds  are  up  to  date  and  the  Baltimore  watershed  records  are  now 
being  processed, 

Penn  State  VJatersheds 

Bill  Sopper  finally  has  the  three  new  watersheds  at  Penn  State  in 
production.     Now  twice  as  many  charts  have  to  be  compiled,  and  the  records 
calculated*     The  holdup  on  the  new  watersheds  was  from  our  end.     We  had 
considerable  trouble  obtaining  clock  parts  to  put  a  group  of  surplus 
recorders  (donated  by  Coweeta)  in  operation. 
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Bill  Sopper  and  Howard  Lull  got  17  years  of  daily  discharge  punch- 
carded  for  62  Northeastern  watersheds  and  fed  it  to  the  Penn  State  computers 
for  comparisons  of  annual  and  seasonal  discharge,  flow  duration,  and  peak 
flow  by  physiographic  regions.^     Now  they're  studying  resultSa 

Newark  Watersheds 

In  cooperation  with  the  Soil  Conservation  Service,  a  soil  survey 
has  been  started  on  the  3  small  experimental  watersheds..  Sylvester 
Fletcher,  soil  scientist,  has  been  classifying  the  soil  series  and  types, 
and  together  we  are  attempting  to  describe  the  soils  with  an  emphasis  on 
their  hydrologic  characteristics.     The  rough  rocky  terrain  on  the  higher 
elevations  indicated  very  shallow  soils,  but  surprisingly,  pits  showed 
soils  of  moderate  depths,  overlain  by  cobbles  and  larger  stones.  One 
more  day  in  the  field  in  April  will  complete  the  field  work  for  the  surveyo 

The  bentonite  treatment  to  plug  the  leaks  in  the  concrete  weir 
boxes  was  only  partly  successful.     Leaks  were  noticeable  in  two  weirs,  one 
on  the  smallest  watershed  and  the  other  on  the  largest  of  the  three«  Since 
treatment,  there  is  no  noticeable  leak  in  the  larger  of  the  two  weirs  but 
the  heavy  winter  flows  may  be  masking  the  leaks.     The  treatment  was  not 
at  all  successful  in  the  small  weir--the  leaks  have  increased  to  the  extent 
that  no  flow  is  going  over  the  notch^ 

Vinyl  plastic,  which  has  been  used  to  line  weirs  at  Baltimore  and 
Penn  State,  has  been  purchased  to  line  the  small  weir^     If  leaks  become 
evident  in  the  other  weirs,  they  will  also  be  lined  with  black  vinyla 

Watershed  Calibration 

Following  the  publication  of  the  fourth  Dilldown  Report,  which 
presented  data  for  four  years  after  the  calibration  period.  Herb  Storey 
suggested  we  apply  the  relationships  developed  during  the  calibration 
period  to  the  more  recent  datae 

The  predictions  of  monthly  runoff  were  fairly  accurate  considering 
the  unusual  events  that  occurred  during  the  post-calibration  period:  a 
serious  fire  that  burned  over  about  one=third  of  the  watershed  followed 
by  Hurricanes  Connie  and  Diane c. 

Annual  runoff  predictions,  while  not  deviating  seriously  from 
actual  measurements 9  formed  a  peculiar  pattern-.     The  deviations  were 
closely  related  to  the  temperature  variable*     Subsequent  investigation 
showed  that  the  temperature  variable,  which  was  related  to  potential 
evapotranspiration,  could  not  be  used  in  all  years  with  a  moisture 
deficit  during  the  growing  season.     It  so  happened  that  the  two  years 
with  a  moisture  deficit  during  the  calibration  were  the  years  of  low 
annual  precipitation.     Thus,  the  latter  inadvertantly  accounted  for  the 
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moisture  deficit.     But  the  same  conditions  did  not  prevail  during  the 
post-calibration  period-     Two  of  three  years  had  very  large  moisture 
deficits,  but  had  high  annual  rainfall  (rainfall  was  heavier  than  normal 
during  the  dormant  season)  and  so  the  regression  equations  did  not  pre- 
dict runoff  accurately.. 

Estimated  evapotranspiration  calculated  by  Thornthwai te ' s  methods 
takes  moisture  deficits  into  consideration..     The  substitution  of  these 
data  as  an  independent  variable  instead  of  the  temperature  variable 
resulted  in  more  satisfactory  estimates., 

SYRACUSE 

With  the  preparation  and  review  of  a  problem  analysis,  this  project 
is  officially  underway.     The  review  was  a  one-day  session  attended  by 
Herb  Storey,  Hal  Wilm,  Howard  Lull,  Ken  Reinhart,  Bob  Pierce,  and 
Art  Eschner  (a  likely  group),  and  educators  Dean  Shirley,  Gene  Farnsworth, 
and  Don  Satterlund.,     The  approved  problem  analysis  will  be  published  by 
Syracuse.:     Conditions  have  not  been  ideal  for  the  one  study  in  progress. 
We  picked  a  winter  of  abnormally  low  snowfall  to  investigate  patterns  of 
snow  deposition  and  melt  under  several  different  forest  types  in  the 
Allegheny  Plateau,     This  year's  70  inch  snowfall  in  this  area  is  about 
three  feet  less  than  normal. 

Plans  are  being  made  for  studying  the  effect  of  land-use  practices 
in  the  Adirondacks  on  strearaflow.,     A  number  of  long  term  USGS  records 
are  available  for  the  area.     New  York  State  owns  large  blocks  of  a  number 
of  watersheds  and  the  policy  of  no  forest  cutting  has  brought  about 
improved  cover  conditions  on  these  areas  over  the  past  several  decades* 
This  is  a  unique  opportunity  for  relating  large  scale  vegetation  changes 
over  a  long  period  of  time  to  changes  in  streamflowo 

Professor  Satterlund  and  Art  Eschner  prepared  a  short  discussion 
entitled  A  Re-evaluation  of  the  Watershed  on  a  Reservoir  for  presentation 
at  the  April  annual  meeting  of  AGU. 

PUBLICATIONS 

Interception  of  precipitation  by  northern  hardwoods.,     Raymond  E. 
Leonard,     Northeast.  Forest  Expt„  Sta.  Paper  159,  16  pp.,  illus« 

Manuscripts  Submitted 

Snow  and  frost  in  hardwood  stands  and  pine  plantations  in 
New  Hampshire-     George  Hart. 
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A  vinyl-lined  weir  for  small -watershed  studies^     Irvin  C,  Reigner, 

Effect  on  water  quality  of  four  forest  practices  and  implications 
in  trout  managements     Arthur  R.  Eschner  and  Jack  Larmoyeaux. 

Suburban  hydrology--the  Wissahickon  watershed,     Paul  M.  Felton 
and  Howard  W,  Lull<, 

More  water  from  the  forest.     Kenneth       Reinhart  and  Howard  W, 

Lull. 

Cutting  the  forest  to  increase  water  yield.     George  R,  Trimble 
and  Kenneth  G,  Reinhart, 
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PACIFIC  NORTHWEST  FOREST  AND  RANGE 
EXPERIMENT  STATION 

Semiannual  Report 
Watershed  Management  Research 

October  1,   1961  -  March  31,  1962 


GENERAL 


We  have  made  good  progress  during  the  past  6  months  in  our  efforts 
to  get  modern  laboratory  facilities.     Planning  the  forest  soil  and 
hydrology  laboratory  scheduled  for  Wenatchee  occupied  a  big  part 
of  our  time.     The  project  has  been  advertized  for  bid  and  by  this 
time  next  year,  we  expect  to  have  a  completed  structure. 

In  Corvallis  we  are  also  making  some  progress.     The  Western  Forest 
Biology  Laboratory,   located  on  the  western  edge  of  the  Oregon  State 
University  campus,  will  be  completed  about  May  15.     Watershed  Man- 
agement Research  for  western  Washington  and  Oregon  will  occupy  a 
laboratory  and  two  offices.     The  laboratory  is  being  equipped  pri- 
marily for  Ted  Dyrness'   research  in  soil  stability. 

With  this  edition  we  introduce  our  most  recent  addition  to  the 
Division's  staff.     He  is  William  B,  Fowler,   a  forest  meteorologist 
with  training  in  geography  at  University  of  Wisconsin  and  graduate 
work  in  meteorology  and  forest  climatology  at  University  of  Wash- 
ington,    Bill  is  stationed  in  Wenatchee  and  is  surrounding  himself 
with  the  gear  and  gadgets  peculiar  to  meteorologists. 


WENATCHEE  RESEARCH  CENTER 
Physical  Soil  Properties  Related  to  Soil  Erosion 

Multiple  regression  has  been  used  to  establish  relationships  between 
several  soil  properties  and  soil  erosion  hazard   (as  indicated  by 
water  stable  aggregate  analysis) .     Soil  properties  used  as  independ- 
ent variables  were  total  soil  porosity  (X^^)  ,   soil  pH  (X2)  ,  total 
percent  organic  matter  (X3) ,  bulk  density  (X4) ,  and  percent  clay  (X^) . 
The  Grosenbaugh  program  was  used  to  develop  regression  equations.  The 
best  equation,  which  accounted  for  42  percent  of  the  variation,  was: 

y  =  12,44  -  0.085X]^  -  0.424X2  +  0,397X3  "  2.4OIX4 
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clay  content   (X5)   accounted  for  an  additional  amount  of  variation 
which  was  almost  but  not  quite  significant.     This  equation  accounts  for 
45  percent  of  the  variation: 

y  =  17,384  -  0,119X^   -  0,644X2  +  0,420X3  -  3,498X^  -  0,024X5 

Variation  in  water  stable  aggregate  accounted  for  in  simple  correlation 
relationships  is:     soil  porosity  (X^)   7,4  percent,   soil  pH  (X2)  7,2 
percent,   percent  organic  matter   (X^)    32,8  percent,   bulk  density   (X^)  15,6 
percent,   and  percent  clay  (X5)   4.4  percent.     Bulk  density  and  organic 
matter  content  have  quite  a  strong  mutual  association  as  indicated  by  the 
two-factor  correlation  relationship,  which  accounts  for  only  32,9  percent 
of  the  variation  in  water  stable  aggregation  (as  compared  with  32,8  per- 
cent accounted  for  by  organic  matter  alone) , 

This  study  also  established  that  under  good  conditions  of  vegetative 
cover   (either  forest  or  grass  litter)    there  are  no  significant  differ- 
ences between  soil  erosion  hazard  of  basalt  and  sandstone  soil  parent 
materials.     Soils  formed  on  sandstone  parent  materials,  however,   are  con- 
sidered much  more  erosive  than  soils   formed  from  basalts,   and  this  seems 
to  be  generally  true  as  gauged  by  a  comparison  of  the  number  of  floods, 
etc.,    from  the  two  parent  material   types.     Based  on  findings  of  this 
study,   we  might  question  whether  these  are  inherent  differences  in  soils, 
result  of  methods  of  land  management,   or  difference  due  to  climatic  ele- 
ments,  physiography 5   etc,,   or  a  combination  of  all  in  varying  degrees. 
In  our  next  study  design  we  will  attempt  to  probe  deeper  in  these  basic 
re lationships „ 


--Dave  Wooldridge 

Measurement  of  Solar  Input 

One  of  the  environmental  parameters   that  has  not  received  the  attention 
it  deserves  is  insolation.     Lack  of  interest  is  not  responsible;  large 
investments  in  radiometers  and  associated  recording  devices  limit  us 
generally  to  areas  not  especially  chosen  for  their  watershed  significance, 

Pyranometer  Development 

A  set  of  high-output  radiometers  is  being  developed  for  use  in  our  forest 
environment  studies.     Basically,   these  instruments  differ  little  from 
some  commercial  models  in  their  design  concept;   they  measure  by  thermo- 
couples the  difference  in  temperature  between      black  and  white  surfaces. 
However,   they  have  considerably  larger  output  to  allow  remote  integration 
with  simple  equipment  and  also,   they  can  be  adapted  to  continuous  record- 
ing; something  not  possible  with  the  distillation  types  of  integrating 
radiometers , 
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An  approximate  comparison  between  these  higher  output  radiometers 
(240  junction)  and  the  commercial  Eppley  (50  junction)  and  Kipp  (14 
junction)   is  as  follows. 

Current   (into  100-Ohm  load)  3X  Eppley  IX  Kipp 

Voltage   (measured  by  potentiometer)     3X  Eppley  3X  Kipp 

The  apparent  anomaly  in  the  comparison  above  is  caused  by  variation 
in  internal  resistances  of  the  units,  ranging  from  100  ohms  for  the 
Eppley,   80-90  ohms  for  my  set,   and  9  ohms   for  the  Kipp. 

At  present,   five  180°  response  units  are  completed.     Final  calibra- 
tion has  not  as  yet  been  possible,  and  a  check  on  the  compatability 
of  radiometer-integration  system  has  not  been  accomplished  due  to 
the  lack  of  some  components,  now  on  order, 

A  linear  trend  was  determined  during  a  comparison  between  the  Kipp 
and  one  of  our  radiometers,  which  was  gratifying.     The  comparison 
did  suffer  from  lack  of  comparable  leveling  accuracy  and  some  internal 
reflections  in  the  glass  dome,   but  these  points  have  been  rectified. 

Spherical  Radiometers 

Interest  has  been  shown  in  the  spherical  radiometer  for  over  125  years; 
distillation  and  thermoelectric  types  have  been  used  and  serve  a  purpose 
in  problems  related  to  bioclimatology ,  Imperfectly  defined  and  nonflat 
objects  such  as  tree  crowns  present  a  complex  radiation  sensitive  sur- 
face. Internal  reflection  in  crown  and  bole  space  tend  to  confound  the 
radiative  pattern  and,  in  these  instances,  360°  sensitivity  has  advant- 
ages . 

Based  on  an  earlier  model  constructed  for  a  bioclimatic  study  (for 
thesis  purposes),  we  are  developing  a  more  sensitive  spherical  radiom- 
eter.    An  operable  model,    now  being  tested,   appears  to  offer  output 
characteristics  needed  for  remote  integration. 

A  50-junction  Eppley  will  be  used  as  a  standard  instrument  for  calibra- 
tion and  a  base  station  instrument  for  a  radiation  network.     An  indicator 
(surplus)   for  digital  recording  is  being  modified  to  pick  up  the  output 
of  this  radiometer. 


--Bill  Fowler 
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CORVALLIS  RESEARCH  CENTER 


Bedload  Movement 

During  the  past  winter,   two  of  our  experimental  watersheds  have 
produced  unusually  large  amounts  of  bedload  material.     Watershed  #3 
in  the  H.  J.  Andrews  Experimental  Forest  suffered  a  slide  on 
December  19,   1961  which  rearranged  to  some  extent  both  the  stream 
and  the  debris  basin  below  the  flume.     The  amount  dep  osited  in  the 
basin  totaled  100  cubic  yards,   and  it  is  estimated  that  there  are 
an  additional  5,000  cubic  yards  of  rock  and  soil  material  in  two 
debris  dams  above  the  gaging  station.     Two  hundred  and  sixty-eight 
tons  of  suspended  material  were  flushed  from  the  watershed  during 
a  100-hour  period  after  the  slide.     We  estimate  that  twenty-two 
tons  would  have  been  lost  during  this  period  had  the  slide  not 
occurred , 

The  original  cause  of  all  this  movement  was  apparently  a  small 
slide  in  side-cast  material  below  a  road  constructed  in  1959.  This 
material  created  a  short-lived  dam  which,  when  breached,  triggered 
a  soil,   rock,   and  mud  flow  that  moved  2,930  feet  down  the  stream 
channel  and  stopped  about  1,200  feet  above  the  flume.     For  almost 
this  entire  distance,   the  stream  channel  was  scoured  down  to  bed- 
rock,  except  for  isolated  gravel  deposits,   small   log  jams,   and  one 
large  jam.     Also,  as  a  result  of  this  slide,  approximately  1  acre 
of  bare  mineral  soil  has  been  exposed  along  the  margins  of  the 
channe 1 . 

An  unusual  amount  of  bedload  movement  was  also  noted  on  the  Coyote 
Creek  y/1  Watershed  in  the  South  Umpqua  Experimental  Forest.  Follow- 
ing a  3-day  rainstorm,   the  weir  pond  of  Watershed  #1  was  found  to 
be  one-half  full  of  material,  most  of  which  was  sand  and  gravel. 
The  weir  pond  of  the  #2  Watershed,   after  the  same  storm,   also  con- 
tained some  material;  but  both  the  quantity  and  particle  size  were 
considerably  smaller  than  in  the  y/1  pond.     The  unusually  heavy 
rainstorm  which  caused  these  bedload  movements  began  November  21, 
1961  and  lasted  until  the  23d,     The  intensity  of  the  storm  is  in- 
dicated by  the  following  estimated  rainfalls:   3.9  inches  for  24 
hours,   7.2  inches  for  48  hours,  and  9.0  inches  for  72  hours. 

It  is  interesting  to  note  that  prior  to  these  large  scale  bedload 
movements,   very  little  material  had  moved  down  stream  at  either 
location  during  the  period  of  record.     Although  Coyote  Creek  #1 
has  been  installed  for  only  2  years,   the  first  winter  (1960-1961) 
produced  very  little  sediment  in  the  weir  pond.     In  the  case  of 
H.   J.  Andrews  Watershed  y/3,   in  the  5  previous  years  a  total  of 
only  57  cubic  yards  of  material  had  been  carried  in  and  deposited 
in  the  debris  basin.     This  is  an  average  deposition  of  only  1.23 
f t . 3/acre/year .     In  contrast,   the  single  December  slide-storm 
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combination  resulted  in  an  average  contribution  of  10,84  feet  /acre. 
Although  this  slide  was  triggered  by  road  construction,   evidence  of 
old  slides  is  apparent  in  deep  deposits  of  colluvium  near  the  mouth 
of  the  stream.     The  frequency  of  these  slides  and  the  resulting  accel- 
eration in  bedload  movement  is  not  known.     However,   it  appears  that 
the  movement  of  stream  debris,   and  hence  the  progress  of  geologic 
erosion,   does  not  go  on  at  a  constant , steady  pace,   but  rather  occurs 
sporadical ly . 

In  both  watersheds  most  of  the  material  which  reached  the  settling 
basins  had  its  origin  very  close  to  the  stream  channel.  Evidently 
loose  soil  and  rock  material  accumulate  along  the  more  level  portions 
of  the  stream  over  a  period  of  years.     Under  normal  rainfall  and  run- 
off conditions,   only  small  amounts  of  this  material  are  carried  off. 
Unusually  high  flows,  however,  may  remove  the  loose  debris;  and,  as 
in  the  case  of  Watershed  #3,  may  set  off  a  chain  reaction  which  results 
in  scouring  the  stream  channel  to  bedrocks 


--R=  L.  Fredriksen 
--C.  T.  Dyrness 

Water  Chemistry 

This  winter  we  began  sampling  for  the  quantity  of  total  dissolved 
solids   (TDS)   carried  with  runoff  from  our  three  experimental  water- 
sheds at  H.   J.  Andrews  Experimental  Forest o     Our  objective  is  to 
measure  the  increase  in  TDS  subsequent  to  logging  and  burning  in  two 
watersheds o     Logging  will  begin  in  both  watersheds  this  year.  Our 
pretreatment  results  show  a  high  concentration  of  TDS  at  summer  low 
flow  (150-200  ppm) ,   lower  TDS  runoff  resulting  from  early  fall  storms 
(80-100  ppm),   and  still  lower  TDS    (30-70  ppm)    from  the  midwinter 
period.     Initial  results  show  that  levels  of  dissolved  solids  are 
similar  from  all  three  watersheds  at  any  one  time.     Also,  TDS  levels 
remain  fairly  constant  over  a  wide  range  of  runoff  rates. 

We  have  found  few  references  to  TDS   from  forested  watersheds  and  are 
especially  interested  in  changes  resulting  from  logging  and  burning. 
If  there  have  been  any  such  studies,  we  would  appreciate  having  the 
reference , 


--R.  L,  Fredriksen 
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Watershed  Logging  Treatments 


Harvesting  of  our  experimental  watershed  on  the  Ho   J.  Andrews  Experi- 
mental Forest  is  scheduled  for  the  coming  season.     In  1959  our  logging 
contractor  built  roads  into  i/^atershed  #3,  and  we  have  reported  prelim- 
inary results,   of  changes  caused  by  road  construction,   in  earlier 
issues  of  the  Semiannual  Report.     Now  he  will  clear  cut  and  yard  by 
the  high  lead  system  three  small  units  which  together  will  clear  25 
percent  of  the  drainage »     This  type  of  patch  cutting  approximates  the 
normal  practices  in  this  area. 

Our  three-way  arrangement  with  Jacob  Wyssen,   the  Willamette  National 
Forest^   and  Region  6  has   finally  resulted  in  an  administrative  use 
sale  to  Wyssen  for  testing  his  new  10-ton  Skyline  Crane  on  15  million 
board  feet  of  old-growth  timber.     The  sale  is  in  two  parcels.     He  will 
first  log  a  test  strip  330  feet  wide  by  about  3,500  feet  long,  where 
he  can  work  out  any  bugs  in  the  new  machine,     A  road  into  the  landing 
is  under  construction  and  logging  is  expected  to  begin  in  May.  Once 
he  has  exercised  his  machine  on  the  test  strip,   he  will  move  to  a 
more  severe  test  on  our  Watershed  #1,  a  mile-long  237-acre  drainage. 
This  area  will  be  clear  cut  and  all   logs  carried  by  the  Skyline  Crane 
to  one  landing  near  the  gaging  station.     Operations  will  continue  for 
2  years  and  will  no  doubt  attract  a  number  of  loggers,   foresters,  and 
land  managers.     We  ex_:pect  complete  clearing  of  this  drainage  to  give 
us  some  of  the  answers  to  the  pros  and  cons  of  the  effect  of  logging 
on  streamflow  in  terms  of  both  quantity  and  quality, 

Wyssen  is  bringing  a  Swiss  crew  to  do  the  yarding  and  to  train  some 
of  our  loggers,     A  local  logging  contractor  is  building  the  access 
road  to  the  landing  and  will   fell  and  buck  the  timber  and  load  and 
haul   the  logs   to  the  mill. 

Skyline  logging  is  becoming  increasingly  popular  in  the  more  rugged 
areas  of  the  west.     Both  the  Wyssen  Skyline  Crane  and  its  competitor, 
the  Skagit  Skycar,,   will  be  in  operation  this  summer.     Next  year  a 
helicopter  logging  operation  is  expected  to  get  off  the  grounds  These 
innovations  in  yarding  techniques  will  be  followed  with  interest.  We 
plan  to  compare  soil  disturbance  and  compaction  with  more  accepted 
yarding  by  high  lead  and  tractor.     Economics  of  these  new  techniques 
will  be  studied  by  Virgil  Binkley  of  our  Economics  Division, 


--J.  Rothacher 
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Training  -  Basic  Soil  Science 


For  the  past  two  years  the  Soil  Conservation  Service  has  sponsored  a 
basic  soil  science  course  for  its  administrative  personnel.     This  year 
a  second  course  was  given  at  Oregon  State  University,     The  course  is 
designed  primarily  for  administrative  personnel  who  have  not  had  inten- 
sive training  in  basic  soil  science  or  who  are  older  men  who  graduated 
some  years  ago.     It  includes  all  phases  of  soils--soil  physics,  chemis- 
tryj   clay  minerology,  plant  physiology,  and  soil-plant  relations  and 
geomorphology .     The  six-week  training  period  strives  to  bring  the  men 
up-to-date  on  the  latest  soils  information  and  familiarizes   them  with 
the  current  literature »     Of  21  men  from  Pennsylvania  to  Alaska  who 
attended  the  course  at  Oregon  State  University  this  winter,  4  were 
from  the  Forest  Service--3  from  Administration  and  myself.     I  felt  I 
got  a  lot  from  the  training  since  I  was  one  of  those  older  men  who  had 
never  had  intensive  training  in  soil  science.     Although  not  especially 
research  orientated,   I  would  strongly  recommend  the  course  for  anyone 
in  watershed  management  research  who  finds  himself  involved  either 
directly  or  administratively  in  soils  work  but  is  a  little  weak  in 
basic  soils  training. 

--J.  Rothacher 


Wanted  -  Shorter  Calibration  Periods 

Research  studies  on  the  effects  of  forest  management  practices  demand 
many  essential  but  barren  years  spent  on  calibration  activities.  The 
effects  of  management  cannot  be  ascertained  until   the  watersheds  have 
been  calibrated,   and  customarily,   this  period  has  been  in  the  order  of 
7  years  or  more.     Such  a  large  number  of  years  is  required  because  the 
variable  selected  has  been  total  annual  flow,   and  a  year's  data  on  two 
watersheds  yields  only  one  point  on  a  potential  calibration  line. 
Although  a  line  can  be  drawn  through  any  two  points,   a  regression  line 
with  acceptable  fiducial  limits  must  necessarily  be  based  on  as  many 
points  as  possible,   including  both  high  and  low  points.     Thus,  an 
acceptable  regression  line  should  be  based  on  the  gamut  of  climatic 
conditions  to  which  watersheds  are  subjected,   including  average  years, 
wet  and  dry  years. 

Our  studies  lead  us  to  believe  that  we  can  drastically  shorten  the 
calibration  period  and  at  the  same  time  formulate  a  much  more  highly 
accurate  regression  equation.     We  are  thinking  in  terms  of  calibration 
periods  not  exceeding  3  years  and  regression  lines  with  correlation 
coefficients  not  exceeding  97  percent. 
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The  method  proposed  is  based  on  storm  analysis »     Each  yearj   a  watershed 
is  subjected  to  numerous  stormSj   some  bigj   some  little„     But  from  our 
point  of  view,   a  significant  fact  is  that  big  storms  occur  in  all  yearSj 
whether  they  be  very  wet  or  exceedingly  dry.     Thus,  any  single  year  can 
be  used  to  evaluate  the  reaction  of  a  watershed  to  its  climatic  envir- 
onment.    Moreover 3   since  the  number  of  storms  in  any  single  year  is 
rather  large   (approximately  90  in  the  Bull  Run  area),   the  result  is  a 
well-defined  calibration  curve„ 

For  examples  in  the  Bull  Run  area  the  following  correlation  coefficients 
were  determined  for  corresponding  rises  in  stage  in  three  streams: 


Stream  #1  Degrees  of           Stream  #2  Degrees  of 

Year          vs »  control  freedom             vs ,  control  freedom 

1958  99,3  81                      97=0  97 

1959  98»9  98                      97o7  94 

1960  98.8  74                      97.6  80 

and  in  the  H=  Jo  Andrews  Experimental  Forest  the  correlation  coefficients 
were : 

Stream  #3  Degrees  of 

Year          vs „  control  freedom 

1956  99„0  96 

1957  98.1  92 

1958  98.6  105 
1960               97.9  89 


Similarly^  correlation  coefficients  for  corresponding  "time-to-peak" 
varied  from  92  to  97  percent  in  the  Bull  Run  area  and  from  80  to  96 
in  the  H.  J.  Andrews  Experimental  Forest. 

Such  high  correlation  coefficients  indicate  that  both  rise-in-stage  and 
time-to-peak  are  highly  related  in  the  watersheds  being  studied .  Even 
more  important  is  the  corollary  that  a  good  selection  of  watersheds  have 
been  made.     Low  correlation  coefficients  would  have  indicated  that  either 
the  watersheds  are  not  subjected  to  the  same  climatic  events  or  that  the 
watersheds  differ  in  some  fundamental  respect.     If  a  poor  selection  of 
watersheds  had  been  made,   the  fact  would  have  been  revealed  at  the  end  of 
1  year  in  contrast  to  half  a  dozen  years  by  the  annual  flow  method  of 
calibration. 

Basicallyj   the  analysis  of  storms  we  propose  consists  of  the  following 
sequence  of  events- 

lo     Tabulate  the  rise-in-stage  and  time-to-peak  of  two  watersheds.  The 
only  restriction  is  that  the  storms  must  be  corresponding  and  must  be 
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present  on  both  hydrographs .     Data  would  not  be  tabulated  if  a  rise 
in  stage  was  recorded  on  only  one  hydrography     The  reason  for  the 
restriction  is  the  implication  that  the  storm  was  very  localized.  (A 
few  such  localized  storms  will  be  found  in  any  year) . 

2.  Compute  separate  regression  lines  for  each  year  of  data. 

3.  By  analysis  of  covariance,  determine  the  combined  (weighted) 
regression  coefficient  and  its  standard  error  for  the  pretreatment  years. 

4.  Compare  the  pretreatment  and  pos ttreatment  regression  coefficients. 

The  following  example  is  based  on  data  collected  at  the  H.  J.  Andrews 
Experimental  Forest.     Treatment  consisted  of  building  1.7  miles  of 
road  in  a  250-acre  watershed. 


Regression  Coefficients 


Period 

Year 

Rise-in-stage 

Time  - to-peak 

Calibration 

1956 
1957 
1958 

1.246 

1.383 
1.256 

0.865 
0.928 
0.  7  68 

weighted 

1.2771  t  0.0176 

0.8594  t  0.0008 

Treatment 

1960 

1.4235  -  0.0437 

0.9415  t  0.0291 

Difference 

0.1464  t  0.0460 

0.0821  t  0.0292 

t 

3.18^'"V 

2.81** 

Degrees  of 
freedom 

386 

386 

From  this  analysis  we  can  infer  that  treatment  of  the  watershed  has 
resulted  in  the  following  conditions: 

1.  During  storms,   the  stream  rises  higher  and  more  rapidly. 

2,  As  a  corollary,   less  water  is  available  for  inter-storm  periods. 

Conclusion  2  was  rapidly  checked  by  a  covariance  analysis   (similar  to 

the  analysis  presented  above)   of  very  few  randomly  chosen  stage  data 

representing  inter-storm  flow  during  the  summer  months.     Only  12 

readings  were  taken  for  each  of  4  years   (3  pretreatment  and  1  posttreatment) ; 
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and  these  12  readings  Included  three  readings  in  each  month  from  June 
through  September^     All  readings  were  for  midnight,  and  were  shifted 
by  24  hours  if  the  reading  occurred  during  a  storm„     Following  is  an 
analysis  of  the  regression  coefficients  for  the  two  periodso 


Analysis  of  b  coefficient 

b  Variance 

Pretreatment  (1957-       1.160  0«001012 
1959) 

Posttreatment   (1960)     Oo870  0.011829 


Difference  0.290  0.012841  =  0.113 

t  =  2.57  t^^  =  2.70 

To  conclude:     The  most  important  unit  event  in  the  life  of  a  watershed 
is  a  storm.     Fortunately,   this  event  is  repeated  with  varying  degrees 
of  intensity  in  any  single  year,   thereby  enabling  us  to  assess  the 
reaction  of  a  watershed  to  its  environment.     The  method  illustrated 
above  should  not  only  accelerate  our  research  by  many  years,  but  should 
also  enable  us  to  draw  conclusions  not  evident  otherwise,  and  with  a 
much  higher  degree  of  accuracy. 


Although  storm  analysis  depends  for  its  accuracy  on  the  use  of  large 
masses  of  data^   the  use  of  automatic  data  processing  methods  facilitates 
their  digestion  and  assimilation.     Moreover,   if  the  method  is  correct, 
then  we  no  longer  have  a  need  for  daily  flow  data.     The  resultant  saving 
in  time  is  incalculable. 

It  is  quite  evident  that  if  the  effect  of  such  a  light  treatment  as  the 
building  of  a  road  has  been  evaluated  at  the  1-percent  level  of  signifi- 
cance,  then  the  effects  of  severe  treatments   (such  as  clear  cutting) 
could  be  evaluated  with  ease  using  even  fewer  calibration  years,  and 
resulting  in  the  saving  of  hundreds  of  thousands  of  dollars  on  a  single 
project. 


--Nedavia  Bethlahmy 


PNW-10 


PUBLICATIONS 


Bethlahmy,  Nedavia, 

1962.     First  year  effects  of  timber  removal  on  soil  moisture. 

To  be  published  in  June  issue  of  Internatl.  Assoc. 
Sci.  Hydrol. 


1962.     Soil  moisture  sampling  variation  as  affected  by  vegeta- 
tion and  depth  of  sampling.     Submitted  to  Soil  Sci 

Bishop,  Daniel  M. 

1961.     Soil  moisture  depletion  in  three  lodgepole  pine  stands 
in  northeastern  Oregon.     Pac .  NW.  Forest  &  Range 
Expt.   Sta.   Res.  Note  213,   2  pp.,  illus. 
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SEMIAMUAL  REPORT 


Division  of  Watershed  Management  Research 
Pacific  Southwest  Forest  and  Range  Experiment  Station 

October  I96I  through  March  I962 

CURRENT  RESEARCH 

Northern  California  Regional  Analyses 

Soil  Erodibility 

We  have  recently  concluded  the  laboratory  analysis  of  IO5  soils,  of 
which  66  samples  are  to  be  used  in  conjunction  with  a  mineralogical  rock 
analysis,  to  determine  the  relationship  of  soil  erodibility  to  the 
mineralogical  make-up  of  the  parent  material.    The  soil  analysis  consisted 
of  a  mechanical  analysis  plus  determination  of  Middleton's  dispersion 
ratio,  suspension  percent  and  Anderson's  surf ace -aggregation  ratio  (s/A). 
The  methods  of  rock  analysis  that  are  being  made  include  microscopic 
analysis  by  thin  sections,  chemical  tests  and  X-ray  techniques.    At  the 
present  9  rocks  have  been  analyzed . 

Shortly  we  will  make  a  statistical  test  of  the  relationship 
between  inherent  erodibility  of  California's  wildland  soils  and  the  soil 
forming  factors  of  climate,  organisms,  relief,  time  and  parent  material. 

James  R.  Wallis 

and  Donald  W.  Willen 


Snow  Zone  Hydrology 

Snowfall  Interception 

As  analyses  of  published  data  on  snowfall  interception  have  ended, 
one  conclusion  is  that  field  work  should  be  preceded  by  laboratory  and 
wind-tunnel  experiments  of  such  qualities  of  the  snow  masses  in  tree  crowns 
as  their  cohesion,  adhesion,  heat-transfer,  and  rates  of  metamorphosis  in 
controlled  environments.     The  need  for  coordination  of  lab  and  field  work 
was  expressed  in  a  paperl/  presenting  examples  of  field  research  based  on 


Physics  of  snow  in  the  Laboratory  and  Geophysics  of  Snow  Covering  the 
~    Drainage  Basin,   (Refer  Manuscripts  Published). 
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adequate  vs  inadequate  lab  data.    For  example,  field  work  on  melting  of  snow 
in  the  open  has  been  generally  successful  because  thermal  properties  of 
snow  have  been  determined;  field  work  on  melting  of  forest  snow,  on 
interception  and  on  drifting  have  had  poorer  lab  data  to  draw  upon. 

Radiation 

Meteorological  interest  has  turned  to  the  heat  balance,  particularly 
radiation,  on  which  recent  data  lie  at  hand  to  put  us  in  a  good  position  to 
start  field  measurements.    Comprehensive  studies  of  the  radiation  balance  of 
snow  in  open  exposures,  in  the  IGY,  and  new  studies  of  the  radiation 
balance  of  forest  provide  two  approaches  to  the  problem  of  radiation  fluxes 
to  and  from  snow  on  the  forest  floor  and  in  forest  openings.    A  by-product 
was  a  short  draft2/  for  a  hydrologic  manual  being  published  by  the  Hydrology 
Subcommittee  of  the  Pacific  Southwest  Interagency  Committee.    This  compila- 
tion of  warnings  about  the  pitfalls  of  radiation  data  also  takes  heart  from 
the  idea  that  hydrologists  are  accepting  radiation  in  their  analyses  along 
with  temperature  and  other  indexes  to  energy  transfer.    The  sparsity  of 
radiation  stations  brings  a  temptation  to  extend  their  records  too  far, 
although  this  problem  will  decrease  as  hydrologic  organizations  install 
station  networks  in  mountainous  drainage  basins.    The  expense  of  radiation 
instruments  brings  another  temptation,  to  limit  oneself  to  a  single 
Instrument  that  integrates  all  four  fluxes  into  a  single  net  balance  of 
upward  and  downward  in  all  wave  lengths.    For  consequences  of  a  radiation 
surplus  or  deficit,  these  are  adequate;  but  not  for  research  on  forest 
influences,  because  each  flux  is  differently  influenced  by  vegetation. 
The  cause,  say,  of  a  smaller  net  balance  in  one  forest  type  than  another 
cannot  then  be  ascribed  definitely  to  any  single  forest-influenced  process. 
To  quote  from  the  aforementioned  draft:     "The  same  net  balance  may  occur 
on  a  cloudy  day  with  small  values  of  downward  shortwave  and  large  values  of 
downward  longwave  radiation,  as  on  a  clear  day  of  bright  sunshine  and  small 
downward  flux  of  longwave  radiation;  yet  a  hydrologic  process  may  react 
entirely  differently  on  these  two  days,  snow,  for  example,  responding 
differently  to  shortwave  than  it  does  to  longwave."    After  discussing 
interpolating  missing  records,  detecting  deterioration  in  station  exposure, 
and  filling  spatial  gaps  in  the  network,  the  draft  concludes  on  a  brighter 
note :     "The  hydrologist  wishing  to  employ  radiation  elements  in  his 
investigation  should  be  prepared  to  work  in  developing  and  testing  procedures 
for  assuring  quality  of  data  and  for  filling  gaps  in  the  record.     In  return, 
he  will  find  this  effort  will  bring  the  benefits  that  come  from  using  correct 
and  appropriate  data  in  situations  where  radiation  is  a  central  factor." 


2/  "Limitations  and  Errors  in  Records  of  the  Radiative  Heat  Transfers" 
~    (Refer  File  Reports.) 

David  H.  Miller 
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Hexadecanol  Effects  on  Evapotranspiration 


Hexadecanol  is  a  fat  little  alcohol  that  has  been  used  to  reduce 
evaporation  losses  from  reservoirs.    Now  it  is  being  asked  to  work  on  a 
"loss"  10  -  100  times  greater  —  that  from  natural  land  areas.     In  the 
summer  of  I96I  we  applied  hexadecanol  to  eight  soil  moistiare  study  sites 
to  evaluate  the  effects  of  different  amounts  of  hexadecanol  on  different 
forest  sites. 

Hexadecanol  was  applied  to  sites  in  the  Castle  Creek  and  Sagehen 
Creek  areas,  the  application  being  at  three  rates        35>  130,  and 
680  lbs. /acre.    On  six  sites  no  hexadecanol  was  applied;  these  sites  were 
used  as  controls.    Hexadecanol  was  applied  in  the  form  of  an  emulsion 
flushed  into  the  soil  with  additional  water.    The  emulsion  was  ten  percent 
hexadecanol,  one  percent  emulsifier,  and  eighty-nine  percent  water.  The 
flushing  water,  equivalent  of  one  inch  depth  was  sprayed  on  to  the  plots. 
The  applied  water  carried  the  hexadecanol  to  a  maximum  depth  of  eighteen 
inches . 

Evaluation  of  the  effects  of  the  hexadecanol  were  made  by  repeated 
soil  moisture  measiirements .     Differences  in  water  losses  between  the 
treated  areas  and  untreated  areas  in  the  same  year  were  corrected  for 
differences  in  water  losses  of  the  same  sites  in  the  years  before  the 
treatment.     Some  of  the  first  results  in  the  evaluation  of  hexadecanol  are 
summarized  in  tables  1  and  2.     In  fully  vegetated  sites,  red  fir  and 
natural  brush,  the  indicated  reduction  in  losses  associated  with  the 
hexadecanol  ranged  from  0.2  to  0.3-inch  at  four  of  the  five  sites;  at 
the  fifth  site  a  greater  loss  of  O.^-inch  was  indicated.     In  the  sites 
where  vegetation  had  been  removed  by  dozing  or  in  which  natural  bare  ground 
occ\irred,  reductions  in  evaporation  at  treated  sites  were  from  O.3  to 
1.1-inch . 

The  tests  are  continuing  both  to  evaluate  any  residual  affects 
which  may  occur  after  the  rains  and  snows  of  this  year  have  carried 
hexadecanol  to  deeper  depths  and  to  evaluate  new  applications  of 
hexadecanol  to  different  sites,  applied  on  shallow  snowpacks .    These  tests 
may  give  a  fairer  evaluation  of  the  physical  effects  of  hexadecanol  on 
evapotranspiration. 

Henry  W.  Anderson 
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Table  1.  — Summer  water  loss  at  old  growth  red  fir  sites  as 


affected  by  hexadecanol,  Castle  Creek  Basin,  I96I 


no » 

:  Hexadecanol  : 

*               Q  r]  H     H  * 

'      lbs/acre  i 

Son  1   moi  sture 
storage 
.Till  V  1  ft  . 
1961  : 

to 

Sept.  6,: 

1961  I 

1959  ° 
loss  : 

1961 
loss 

CLV-t  LtO 

tedV 

: Saving 

72 

0 

10. h6 

7. 59 

3.36 

2.87 

62 

35 

11.22 

8.68 

3.33 

2.57 

0.3 

87 

130 

ll.ij-3 

7.7^ 

3.78 

3.27 

-O.U 

89 

680 

10.66 

7.25 

k.09 

2.68 

0.2 

V 


Adjusted  by  difference  in  1959  loss,  a  similar  year. 


Table  2 .  — -Savings  of  summer  water  losses  associated  with 

amounts  of  hexadecanol  applied,  Sagehen  and  Castle 
Creek  areas,  I96I 


;  Hexadecanol  ;  o 
':                   added               j  I96I  [ 

Treatment  .  lbs/acre  ^  lossj:/       ;  Saving 

-  -  Inches  -  - 


Brush  Dozed  I958 

0 

5.2 

100 

i^.l 

1.1 

Natural  Brush 

0 

6.6 

35 

6,h 

0.2 

130 

e.k 

0.2 

Bare  Ground 

0 

2.3 

35 

2.0 

0.3 

680 

1.7 

0.6 

1/  1961  loss  is  adjusted  by  differences  in  loss  between  treatment  and  con- 
~    trol  in  a  similar  year,  1959 « 
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Hexadecanol  Effects  on  Snow 


The  first  tests  showed  that  hexadecanol  reduced  snow  evaporation; 
in  some  cases  by  more  than  50  percent.    The  method  of  application  was 
important.     High  concentrations,  100-500  lbs. /acre,  reduced  snow  evaporation 
over  50  percent,  but  at  the  same  time  it  greatly  increased  the  rate  of 
melt.    We  found  that  a  20-30  lb. /acre  application  of  hexadecanol  was  the 
most  effective;  it  reduced  snow  evaporation  by  50  percent  and  did  not 
noticeably  increase  rate  of  snow  melt .     Daytime  evaporation  ranged  from 
0.012  to  0.039  inch  per  day  without  the  hexadecanol;  with  20-30  lb. /acre 
of  hexadecanol  the  rate  was  O.OO6  to  O.OI6  inch  per  day.  Hexadecanol 
was  applied  as  an  emulsion.    We  found  that  the  crystal  form  of  hexadecanol 
did  not  cover  the  entire  surface  and  was  not  as  effective  in  reducing 
evaporation.     It  also  caused  an  uneven  melt  pattern  in  the  pan.     It  seems 
that  the  hexadecanol  crystals  reflect  most  of  the  sun's  rays  and  reduce 
the  melting  under  them. 

Allan  J.  West 

and  Dick  Adams 


Snow  Density  with  Radioactive  Probes 

Calibration 

To  date  we  have  taken  200  duplicate  gravimetric  density  samples 
with  a  SIPRE  tube  as  a  standard  of  snow  density  for  calibration  against  an 
equal  number  of  readings  on  the  PI9  neutron  probe  and  P20  density  probe. 
Both  calibration  curves  look  good.    They  define  count-density  relations  in 
the  range  of  5-^2  percent  snow  density. 

Sphere  of  Influence 

In  any  work  of  this  nature,  it  is  important  to  know  the  size  of 
the  sample  being  taken.    Accordingly,  horizontal  sphere  of  influence 
determinations  have  been  taken  to  determine  the  volume  effectively  sampled 
by  both  probes  in  snow  of  different  densities.     In  regard  to  the  P20  probe, 
12  different  curves  have  been  plotted  with  the  following  results : 

Density  Radius  of  cylinder  sampled 
31.5-^0  percent  20  inches 

20.5-28.5  percent  I8  inches 

The  sphere  of  influence  determinations  for  the  PI9  probe  are  as  follows : 

Density  Radius  of  cylinder  sampled 
27.O-38.5  percent  12  inches 

24.5-26.0  percent  12-15  inches 
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These  horizontal  sphere  of  influence  tests  indicate  the  P20  probe 
samples  a  volume  of  snow  about  2.3  times  that  of  the  P19  in  the  snow 
density  range  of  20-UO  percent. 

Ice  Layers 

Eight  tests  using  both  probes  show  rather  conclusively  that 
the  PI9  probe  is  adequate  as  a  means  of  detecting  ice  layers  ranging  from 
l/U  to  k  inches  in  thickness.     In  some  instances  the  ice  layers  cause  a 
high  increase  in  counts  not  only  just  at  the  ice  layer  but  before  and 
after  the  probe  has  come  near  it. 

The  P20  probe  has  shown  only  a  minor  increase  in  counts,  if  any, 
when  directly  positioned  at  an  ice  layer  of  any  size. 

Due  to  the  large  amount  of  variation  of  both  probes  in  detecting 
ice  layers,  I  have  embarked  on  a  study  using  artificial  ice  layers.  They 
will  be  of  different  thicknesses  and  used  in  different  combination  and 
relationship  to  both  probes.     This  should  help  to  answer  some  unexplained 
behavior  encountered  in  the  field. 

Philip  M.  McDonald 
Lower  Conifer  Zone  Hydrology 

Casper  Creek  Study 

Our  ij— way  cooperative  study  (Forest  Service,  California  Division 
of  Forestry,  California  Department  of  Fish  and  Game,  and  California 
Department  of  Water  Resources)  to  measure  the  effects  of  carefully  managed 
road  building  and  logging  in  second  growth  redwood- Douglas  fir  is  progress 
ing  satisfactorily.    Maximum  stage,  suspended  sediment,  and  precipitation 
ha've  been  measured  since  October  1.     Rather  involved  engineering  plans 
for  the  construction  of  two  stream  gaging  stations  combining  V°notch  and 
Cipoletti  wiers  augmented  below  by  splash  dams  and  a  fish  ladder  have 
been  completed .    Construction  will  start  early  this  summer .    Our  goal  is 
to  have  these  stations  in  operation  by  the  start  of  the  I962-63  water 
year . 

Walt  Hopkins 
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San  Dimas  Experimental  Forest 


Treatment  and  Storm  Effects  on  Flood  Peaks  and 
Suspended  Sediment  Following  Fire 

Our  study  of  "first-aid"  treatments  for  "burned-over  watersheds, 
started  on  the  25  new  small  watersheds  after  the  I96O  fire,  is  off  to  a 
good  start  this  season.     Precipitation  has  been  above  normal.    We  have 
had  four  storms  of  sufficient  size  or  intensities  to  develop  meaningful 
runoff  and  erosion  data  for  comparison  of  the  treatments.  Fortunately, 
these  were  well  enough  spaced  to  allow  good  measiirements  and  clean-up 
between  storms.    Although  the  data  has  not  been  analyzed  yet,  gross 
comparisons  of  the  raw  data  appear  to  support  impressions  formed  by 
observers  during  the  storms . 

These  general  conclusions  are: 

1.  Sown  grasses,  both  annual  and  perennial,  have  not  affected  water- 
shed performance  so  far.    These  results  have  been  influenced  by  the 
very  dry  winter  of  I96O-6I  which  hindered  the  growth  of  grasses  sown 
broadcast.     However,  after  nearly  15  inches  of  rain  during  February 
1962,  the  annual  grasses  started  to  grow.    We  expect  they  will  begin 
to  moderate  subsequent  storm  flow. 

2.  Side-slope  stabilization  (row  plantings  of  barley  on  2-foot 
contours )  has  so  far  been  very  effective .     In  spite  of  cold  weather 
and  extremely  low  rainfall  substantial  barley-stalk  contour  "fences" 
were  established  the  first  season.    An  excellent  volunteer  stand 
germinated  in  well-defined  rows  within  days  after  the  first  storm  of 
this  rainy  season.    We  believe  the  old  stalks,  plus  the  new  crop, 
offer  real  protection  against  raindrop  impact,  soil  detachment,  and 
overland  flow.     Infiltration  appears  to  have  improved  as  well.  The 
barley-planted  watersheds  have  produced  the  least  sediment  during  the 
larger  storms.     Furthermore,  the  performance  of  this  group  has 
improved  with  time. 

3.  Terrace  performance  has  been  less  promising,  though  at  first  it 
looked  good.    Terraced  watersheds  produced  almost  no  sediment  and  little 
streamflow  during  the  small  storms  of  I96O-6I  and  the  first  major  storm 
of  the  current  rainy  season.    These  early  storms  produced  overland  flow 
less  than  the  infiltration  and  storage  capacities  of  the  terraces. 
However,  we  frequently  have  storms  exceeding  the  terrace's  ability  to 
take  up  water.    Three  of  the  later  storms  this  year  have  been  of  this 
type.     During  the  second  storm  of  I96I-62,  2~l/k  inches  fell  during 
about  6  hours  followed  by  an  hour  in  which  an  additional  3/^  inch  fell. 
Failures  occured  in  every  terraced  watershed  except  those  in  which 
barley  was  also  planted.    We  believe  the  failures  were  during  this 

hour  and  were  associated  with  two  10=minute  intensities  of  about  1.2 
inches/hour.     In  subsequent  storms,  additional  failures  occurred 
immediately  after  the  peak  rainfall  intensities. 
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Individual  terrace  basins  failed  when  the  outside  berm  softened  and 
settled  below  the  level  of  the  drainage  system.    Once  the  berms 
overtopped,  large  gullies  were  cut  within  a  few  minutes,  draining  the 
broken  basins  and  those  adjacent.    Frequently  this  large  load  of  water 
was  dumped  into  lower  terraces,  causing  a  chain  reaction  of  failures. 
This  in  turn  produced  relatively  high  and  flashy  peak  flows  with  heavy 
sediment  discharges  from  the  terraced  watersheds  <, 

k.     Channel  check=dam  systems  were  constructed  of  soil  cement  to 
stabilize  the  channel  and  reduce  further  undercutting  of  the  side 
slopes.    Until  these  dams  filled  with  debris  during  the  first  major 
storm  of  the  I96I-62  season,  flows  from  the  channel-check  watersheds 
were  low  and  carried  very  little  suspended  sediment.     After  the  check 
dams  filled,  storm  flows  became  relatively  high  and  heavily  laden  with 
sediment,  sand,  and  small  gravel.     However,  there  has  been  less  rock 
and  boulder  movement  than  in  watersheds  without  checks. 

5.     Observed  differences  in  treatment  response  have  been  associated 
more  with  the  intensity  of  rainfall  rather  than  with  the  total  size  of 
the  storm o     Most  sediment  transport  and  debris  movement  has  occurred 
within  a  few  minutes  after  bursts  of  high  intensity  rainfall.  When 
intensities  exceeded  1/2  to  3/^~ii^ch  per  hour  for  periods  of  ten 
minutes  or  more,  large  peak  flows  and  debris  loads  have  usually  followed. 

There  are  five  small  (2  to  8-acre)  watersheds  in  each  of  the 
physical  treatment  groups  discussed  above.     Below  are  the  mean  instantaneous 
peak  discharges  (based  on  theoretical  rating  of  the  flumes)  from  watersheds 
of  each  group  and  from  watersheds  without  physical  treatment,  observed  during 
the  four  large  storms  of  this  winter  season. 


Precipitation  : 

Mean 

Peak  Discharge 

No 

iSlde 

:            I  Channel: 

Total 

:  10  Min  i 

Phy. 

: slope 

:  Cont . '  check  : 

Av.  all 

Storm  : 

storm 

I    max .  : 

treat 

I  stab . 

I  terr . :  dams  : 

treatments 

(in.) 

(in./hr .) 

c.f.s./acre  -  •■ 

Nov.  20,  1961 

2.U3 

1.86 

3«5 

1  =  3 

O.U  1.7 

1.7 

Dec.  1-2,  1961 

4.U2 

1.20 

1.6 

1.2 

1.7  1-7 

1.5 

Jan.  20-22,  1962 

1.01 

0.7 

0.7 

O.U  1.0 

0.7 

Feb.  7=12,  1962 

8.96 

1.08 

3.3 

1.8 

2.6  h.O 

2.9 

Average  all 

2.3 

1.3 

1.3  2.1 

1.7 

A  summary  of  suspended  sediment  data  from  the  four  larger  storms  of 
this  season  also  appears  to  support  our  impressions  from  field  observations. 
Only  samples  from  flows  of  1  cf s .  or  above  are  included  in  the  following  table. 


PSW-8 


Average  Suspended  Sediment 


:  Slide 

:  No 

;  slope 

:    Cont .  : 

Channel 

Av.  all 

Storm 

: treat . 

:  stab . 

:    terr .  : 

checks 

treatments 

_  »  _  „  =  Thousand  parts  per  million 


Nov.  11,  12,  1961  189.8  lOi^.8  2.0  157.6  158.8 

Dec.  1-2,  1961  57.9  58.1  52.5  61.5  57.9 

Jan.  20-22,  I962  3I.2  22.0  21.5  ^7-^  31.^ 

Feb.  7-12,  1962  100.8  ^6.1  123.9  78.2  88.9 

Average  all  127.8  6k. 0  66. Q  92.2  92.8 


Robert  P.  Grouse 

Monroe  and  Volfe  Canyons,  Since  the  Fire 

Some  projects  at  San  Dimas  have  thrived  on  the  after  effects  of 
the  July  i960  fire.    The  Dalton  water  yield  study,  however,  has  not  been 
one  of  them.    Extremely  dry  soil  resulted  in  postponing  soil  moisture  site 
instrumentation- -holes  caved  in  as  fast  as  they  were  bored.  Early-winter 
debris -producing  flood  flows  buried  stream  gaging  stations  so  we  could  not 
measure  runoff  between  storms  for  the  rest  of  the  winter. 

In  spite  of  these  problems  we  have  moved  ahead  in  other  directions. 
We  have  nearly  completed  the  conversion  of  1^0  acres  of  deep  soil  side 
slopes  from  brush  to  grass  in  Monroe  Canyon.    These  slopes,  first  seeded 
before  the  I96O  winter  rains,  are  now  supporting  a  lush  second  year  stand 
of  grass.    The  north  slopes  have  the  best  cover.    South  slope  cover  is 
good,  though  it  is  not  as  dense.     Shallower  soils  on  the  remaining  700  acres 
of  the  watershed  have  a  thin  grass  cover  augmented  by  native  herbaceous  and 
brush  cover. 

A  dramatic  picture  of  the  combined  fire -treatment  effects  was 
shown  by  comparing  peak  flow  from  two  comparable  storms  in  875-acre 
Monroe  Canyon  and  adjoining  7^0-acre  Volfe  Canyon.     One  occurred  in  195^  on 
full  brush  cover  and  the  other  occurred  after  the  I96O  fire . 
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Precipitation 

:             Peak  Flow 

Before 

peak  flow 

storm 

Season  i  During 

:  Storm 

Max  intensity 

date 

total 

:  storm 

:  total 

20  min. 

60  min 

Monroe      :  Volfe 

-  Inches  - 

Inches/Hour 

-  -  csm  -  - 

Pre-f ire 

2/13/5^^ 

16.96 

3  =  58 

k.2k 

0.90 

0.67 

k.hr  0.76 

Post-firel/ 

2/880                            2/  660 

12/1/61 

6.27 

2o60 

k,k2 

1.17 

0.65 

Although  the  total  rainfall  and  the  intensities  were  similar,  the 
peak  flows  from  the  burned  watersheds  were  200  and  8OO  times  greater  than 
from  a  similar  pre-fire  storm.     Stormflow  was  regulated,  clear  and  pro- 
longed during  the  195^  storm.     In  I96I,  however,  nearly  all  the  flow  came 
at  once,  heavily  laden  with  silt,  sand  and  boulders.    The  Monroe  gaging 
station  was  pounded  and  overwhelmed  and  looked  as  though  it  had  been  hit 
by  an  avalanche . 

Monroe  Canyon,  from  which  kO  acres  of  riparian  growth  had  been  removed 
18  months  before  the  fire,  showed  more  evidence  of  large  rock  and  boulder 
movement  than  did  Volfe.     One  boulder  measuring  7  feet  by  h  feet  moved 
more  than  3OO  feet.    Monroe  Canyon's  channel  is  now  loaded  with  large  rock 
and  rubble.    The  material  filling  the  channel  in  Volfe  is  smaller.  This 
may  be  because  the  remanents  of  riparian  growth  in  Volfe  retarded  the 
movement  of  larger  material  and  reduced  the  flood  flow  carrying  power. 

Both  gaging  stations  are  still  buried  in  debris  6  to  8  feet  deep. 
This  channel  filling  extends  for  a  mile  above  each  gaging  station  on  a 
steady  8  to  9  percent  grade . 


1/  Monroe  Canyon  was  seeded  in  I96O.  Volfe  Canyon  was  not  seeded. 
2/  Estimated  from  observations  during  storm. 

Lawrence  W.  Hill 
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Wetting  Agents  —  A  Possible  Treatment  To  Reduce  Surface 


Runoff  and  Erosion 


Wildfires  in  the  chaparral  zone  of  southern  California  produce 
intense  heat  that  consume    most  of  the  "brush  and  all  of  the  litter,  leaving 
only  a  layer  of  powdery  ash.    The  surface  soil,  which  is  generally  low 
in  moistiare  at  the  time  of  the  fire  is  reduced  to  dust .    The  combination 
of  these  two  factors  form  a  hydrophobic  or  "non-wettable "  layer  over  a 
large  portion  of  a' burned  watershed. 

Another  possible  cause  for  the  "non-wettability "  of  chaparral  soils 
has  been  discovered  by  some  of  our  cooperators  at  the  University  of 
California  (j.  Letey,  R.  E.  Pelishek,  J.  Osborn;  "Wetting  Agents", 
California  Agriculture,  University  of  California,  Vol.  15,  No.  10,  Oct. 
1961).    They  prepared  an  extract  by  leaching  chaparral  litter  with  ammonimum 
hydroxide.    Quartz  sand  was  then  washed  with  this  extract.    This  treatment 
increased  the  time  that  it  took  water  to  enter  the  sands  by  a  factor  of 
2  or  3-    Though  not  reported  in  their  publication  they  have  also  gotten  a 
similar  but  less  striking  result  from  a  leachate  made  by  running  water 
through  chaparral  litter.     They  report  treating  this  "non-wettable"  sand 
with  several  wetting  agents  which  appreciably  reduce  the  time  required 
for  water  entry.     They  also  reported  a  residual  effect  from  the  wetting 
agent.    After  the  initial  tests  plain  water  was  run  through  the  treated 
sands  at  about  the  same  rate  as  the  original  application  of  water  plus 
wetting  agent.    They  have  observed  that  once  wetted  the  so  called  "non- 
wettable"  soil  transmits  water  as  well  as  normal  soil.    They  hypothesized 
that  this  would  mean  that  the  early  storms  of  a  season  would  cause  the  most 
surface  runoff.     Our  data  from  this  winter  is  too  confounded  to  test  this 
hypothesis  but  it  seems  to  us  that  the  watersheds  have  taken  up  water  more 
readily  as  the  season  progressed. 

Our  observations  after  the  first  few  rainstorms  revealed  that  the 
water  had  unevenly  moistened  and  penetrated  the  ash  and  dust  layer .  In 
some  spots  only  the  very  surface  of  the  ash-dust  layer  was  moistened.  In 
other  spots,  the  rainwater  had  penetrated  to  the  underlying  soil. 
Microtopography  did  not  appear  to  have  any  fixed  relationship  to  the  wet 
and  dry  spots .    The  lack  of  rapid  infiltration  over  most  of  the  burned  area 
contributed  to  excessive  surface  runoff. 

Reducing  water  and  debris  movement  down  burned  slopes,  therefore, 
appears  to  be  partly  a  problem  of  getting  water  into  the  soil  mantle .  We 
reported  last  year  that  chemical  stabilization  of  the  soil  surface  was  not 
a  practical  treatment.    Watershed  treatment  with  wetting  agents  seems  to 
be  more  promising.    First,  the  application  rates  are  such  that  it  is  more 
economical  to  apply.    And  second,  the  combined  residual  effect  and  improved 
transmissibility ,  once  the  soil  is  wetted,  might  give  a  season  or  more  of 
protection  to  a  watershed  from  one  application.    We  hope  to  get  into  some 
small  scale  testing  of  wetting  agents  in  the  near  future. 
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Before  you  too  get  on  the  wetting  agent  band  wagon;  a  word  of  cau- 
tion.    Pelishek  reports  (with  regard  to  treating  an  already  hydrophylic 
sand)  "the  capillary  force  would  be  increased  only  approximately  30  per- 
cent which  could  not  offset  the  60  percent  decrease  due  to  reduced  surface 
tension.    The  results  show  that  the  wetting  agent  solution  was  slower 
than  water  in  untreated  sand."  ,  ; 

J.  So  Krammes 


Suspended  Sediment  Samplers 

In  the  last  semi-annual  report  Ray  Rice  mentioned  our  new 
modification  of  the  type  of  high  velocity  automatic  sediment  sampler  . 
originally  shown  in  the  October,  195'^  USGS  report  by  J.  C.  Mundorff. 
This  sampler  has  proven  very  effective  in  very  turbid  streamflow  from  our 
small  watersheds.    The  main  features  of  this  version  of  the  sampler  are  a 
large  (l/2  inch)  intake  and  a  small,  inexpensive,  homemade,  float  valve  to 
control  circulation  and  enrichment  of  the  sample  during  submergence  in 
high  velocity  streamflow.    The  large  intake  permits  successfial  completion  of 
the  sample  before  aggradation  of  the  stream  bottom  can  cover  the  intake. 

ii 


^  During  warm  weather  a  moth  ball  is  placed  in  a  small  wire  cup  on  the  side 
of  the  exhaust  tube  to  discourage  nesting  insects . 
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This  sampler  has  not  been  satisfactory  in  the  larger  watersheds, 
over  20  acres.     In  these  the  heavy  bed  loads  tend  to  pile  up  behind  the 
rack  supporting  the  samplers,  impeding  the  flow  through  the  flume.  For 
these  locations  we  are  still  looking  for  an  automatic  sampler  that  can 
take  a  sample  at  the  desired  stages  without  interfering  with  the  flow  of 
the  heavier  debris. 

Robert  P.  Grouse 


Watershed  Management  Research  in  Hawaii 

Four  main  studies  are  underway  in  Hawaii  and  data  from  the  soil 
traf f icability  study  completed  last  year  are  being  further  analyzed. 

Evapotranspiration  As  Measured  By  Soil  Moisture  and  Rainfall 

Collection  of  soil  moisture  and  weather  data  continued  at  seven 
sites  in  the  St.  Louis  Heights  area  above  Honolulu.    Frequent  rainfall  and 
only  short  drying  periods  have  prevented  early  results.    Additional  sites 
were  selected  at  two  locations  in  the  Waianae  range  and  nuclear  probe  access 
tubes  and  weather  instruments  are  being  installed.     Soils  in  these  areas 
appear  less  weathered  and  leached  and  have  different  clay  minerals  as 
compared  to  soils  at  St.  Louis  Heights. 

Data  are  being  recorded  according  to  a  system  developed  for  com- 
pilation through  use  of  IBM  machines .    The  small  amount  of  data  collected 
prior  to  finalizing  the  system  are  being  conformed. 

Soil  Erodibility  in  Watersheds 

A  study  plan  has  been  developed.    Only  preliminary  field  sampling  and 
laboratory  analysis  have  been  done  to  test  methods .    Hawaiian  soils  flocculate 
readily  and  success  in  dispersing  particles  depends  on  thoroughness  in 
removing  organic  matter.     Preliminary  analyses  indicate  lower  values  (<10) 
of  suspension  percent,  dispersion  ratio  and  surface  aggregation  ratio  as 
compared  to  California  soils. 

Kaukonahua  Rimoff  Study 

Differences  in  runoff  from  a  pair  of  watersheds  tributary  to 
Kaukonahua  stream  were  measured  by  the  Hawaii  Division  of  Forestry  during 
1950  and  1955'     Vegetation  in  one  watershed  was  predominantly  staghorn 
fern;  in  the  other  planted  hardwood  forest.     Preliminary  analysis  indicated 
that  runoff  was  consistently  greater  from  the  fern  watershed.  More 
thorough  analysis  of  data  was  started  during  the  last  six  months.  This 
included  double-mass  analysis  of  rainfall  and  calculation  of  annual  and 
monthly  flows.    The  relationship  of  runoff  to  precipitation  will  be 
analyzed  by  multiple  regression. 
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Selection  of  Experimental  Watersheds 


Criteria  for  suitable  experimental  watersheds  were  developed  and 
search  has  started  toward  selecting  watersheds  where  plot  and  pilot  studies 
can  be  carried  out. 

Analysis  of  Soil  Traf f icability  Data 

Data  collected  during  the  soil  traf f icability  study  are  being 
analyzed  for  rates  of  accretion  and  depletion  of  soil  moisture  under 
different  vegetation.    These  will  be  analyzed  in  relation  to  wet  and 
dry  periods  and  compared  to  soils  of  Puerto  Rico,  Panama  or  the 
Continental  U.  S. 

Paul  Duffy 

and  Teruo  Yamamoto 
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agency Committee.    February  28,  I962,  9  PP«>  proc. 


PSW- 16 


ROSTER  OF  TECHNICAL  PERSONNEL 

Division  of  Watershed  Management  Research 
Pacific  Southwest  Forest  and  Range  Experiment  Station 


Berkeley,  California 

Anderson,  Henry  W. 
Bowden,  Kenneth  L. 
DeBano,  Leonard 
Dissmeyer,  George  E. 
Gleason,  Clark  H. 
Hopkins ,  Walt 
Mansfield,  Clifford  W. 
Miller ,  David . H . 
Richards,  Lucille  G. 
Sinclair,  J.  D. 
Wallis,  James  R- 
West,  Allan  J. 
Willen,  Donald  W. 

Glendora,  California 

Crouse,  Robert  P. 
Hill,  Lawrence  W. 
Krammes,  Jay  S. 
Rice,  Raymond  M. 
Shumway,  Clyde  A. 

Soda  Springs,  California 

Gay,  Lloyd  W.  (Duke  University, 

Graduate  Study,  Sept.  I961) 
McDonald,  Philip  M. 
Ziemer,  Robert  R. 

Honolulu,  Hawaii 

Duffy,  Paul  D. 
Yamamoto,  Teruo 


PSW-17 


SEMIANNUAL  REPORT 


Division  of  Watershed  Management  Research 
Rocky  Mountain  Forest  and  R^>§e  Experiment  Station  t 

September  1961  -  April  1962 

GENERAL:. 

Two  new  men  have  joined  our  staff  since  the  last  writing.  , 
Boyd  Hutchison,  a  recent  graduate  of  Colorado  State  University  Watershed 
Management  Unit,  is  now  with  us  at  Laramie,  Wyoming,    Hutch  has  worked 
sunnner  with  us  at  Fraser  and  in  Laramie  prior  to  his  permanent  appoint- 
nient .  .    , . 

Charles  J.  Campbell,  a  Botanist,  has  joined  Jerry  Horton  on  the 
Phreatophyte  Project  in  Arizona.    Campbell  is  a  recent  graduate  of 
New  Mexico  State  University  and  has  worked  on  the  Lincoln  National 
Forest  in  Region-3, 

.       E.  F.  Aldon 


FORT  COLLINS 

A  classic  work  on  snow  and  avalanche  once  again  available 

The  following  announcement  has  just  been  received  frcrni  Mr.  Seligman. 
This  excellent,  well-illustrated  book  is  the  outstanding  work  on  the  sub- 
ject, and  it  is  in  English.    It  has  been  out  of  print  for  years.  The 
only  secondhand  copy  I  was  ever  able  to  locate,  in  5  years  of  searching 
in  Europe  and  United  States,  sold  for  $25.00,  while  I  was  trying  to  decide 
if  I  could  go  that  high. 

If  you  are  interested  in  a  copy,  fill  in  the  form  and  send  it  to 
Mr.  Seligman^  in  England, 

M.  Martinelli,  Jr. 
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Cooperative  Watershed  Management  Unit 
Graduate  Student  Research 

Water  yield  and  potential  insolation         ■■  ■  ■"    '  '        '  ' 

Doctoral  candidate  Richard  Lee  has  compared  water  yield  from  each 
of  twelve  watersheds  with  the  insolation  potential  of  each  watershed. 
The  watersheds  used  were  three  of  the  Andrews  Experimental  Forest,  Oregon; 
five  of  the  Fernow  Experimental  Forest,  West  Virginia;  and  four  of  the 
Sierra  Ancha  Experimental  Forest,  Arizona.    For  each  watershed  an  index 
of  annual  Insolation  was  derived  through  application  of  the  concept  of 
an  intercepting  surface      the  plane  surface  that,  if  placed  as  a  lid  over 
the  watershed  would  intercept  all,  and  only  all,  of  the  direct  beam 
radiation  that  is  naturally  incident  on  the  complax  watershed  surface. 
By  obtaining  the  aspect  and  slope  of  this  intercepting  surface,  calculation 
may  be  made  of  the  ratio  between  the  total  annual  inoolation  received  by 
the  watershed  and  the  annual  insolation  on  a  surface  always  normal  to  the 
sun's  rays.     Such  a  radiation  index  was  obtained  for  each  watershed, 

A  covariance  analysis  was  made  witl^  average  annual  water  yield 
the  dependent  variable  and  radiation  index  the  concomitant.    With  removal 
of  the  sum  of  squares  associated  with  geographical  location,  a  correlation 
coefficient  of  0,96  was  found,  indicating  that  92  percent  of  the  differences 
in  water  yield  among  the  twelve  watersheds  is  associated  with  differences 
in  insolation. 

The  intercepting  surface  method  of  deri.ving  the  insolation  on  a 
watershed  has  been  thoroughly  tested  and  found  to  be  accurate  as  well  as 
simple  and  quick  in  application  to  any  V7aterc!hei. 

Snow  evaporation  •  .      -  >  ■    •  ■ 

Master's  candidate  Boyd  Hutchinson  measured  the  springtime  evapora- 
tion rates  from  snow  and  from  adjacent  areas  of  bare  soil  and  related 
each  rate  to  meteorological  factors  of  air  tcirperature  oxid  vapor  pressure, 
wind  and  cloudiness.     Plastic  pans  with  false,  perforated  bottoms  were 
used  as  containers  for  both  snow  and  soil  samples.     A  blotting  paper  disk 
on  the  false  bottom  of  each  snow  pan  .md  a  ohort  hanging  water  column 
assured  natural  drainage  o£  melt  water  from  the  snow  scrple.  When 
initially  exposed,  ail  soil  samplec--  ware  'iporcKim^tely  c:!:  field  capacity. 
Both  soil  and  snow  samples  were  replaced  at  4-hour  interva3.3 . 

The  evaporation  rate  from  bar 3,  we*",  noil  was  found  to  be  as  much 
as  20  times  greater  than  that  from  nearby  rncw,,    A  nuTi^her  of  sampling 
periods  extending  through  the  spring  'nelt  seamen  showed  a  ratio  of 


SNOW  STRUCTURE  AND  SKI  FIELDS 


by  G.  Seligman 


This  book  has  been  out  of  print  for  some  years,  but  enquiries  are 
continually  being  received  for  it.    Mr.  Seligman  has  decided  to  get  the 
work  reprinted  by  an  offset  method  of  high  quality,  provided  that  a 
sufficient  number  of  orders  is  received  from  members  of  the  Glaclological 
Society  and  any  other  people  interested. 

The  price  will  be  approximately  ^  3.5s .Od.  ($10.00) 

Will  those  interested  please  complete  the  following  form  stating  that  they 
will  be  willing  to  place  an  order  at  this  price,  and  return  it  to 
Mr,  Seligman,  Little  Dane,  Biddenden,  Ashford,  Kent.    A  further  commun- 
ication will  then  be  sent  if  it  is  decided  to  reprint  the  book;  and  this 
will  depend  on  the  number  of  orders  received.    Do  not  send  any  money  with 
the  form. 

G.  Seligman, 

12  February  1962 


SNOW  STRUCTURE  AND  SKI  FIELDS 
by  G,  Seligman 

I  shall  be  willing  to  purchase  a  copy  of  the  reprint  of  this  book  at  a 
price  of  approximate lyj:!%r: 3.5s .  Od.  ($10.00). 

Signed   

Address 


To  -  Mr.  G.  Seligman 
Little  Dane 
Biddenden 
Ashford 
Kent,  England 


about  8:1  between  evaporation  from  soil  and  from  snow.    As  the  season 
progressed,  the  rate  of  evaporation  from  soil  tended  to  increase  while 
that  from  snow  tended  to  decrease.    These  trends  were  associated  with  a 
trend  of  increasing  atmospheric  vapor  pressure  near  ground  level.    It  is 
assumed  that  this  increase  in  vapor  pressure  was  a  direct  result  of  the 
increasing  evaporation  from  the  soil  within  the  valley  of  the  study  and 
was  a  cause  of  the  reduction  in  rate  of  snow  evaporation. 

Soil  moisture  and  temperature  as  affected  by  coarse  rock  fragments 

Doctoral  candidate  James  R.  Meiman  has  studied  the  influence  of 
coarse  rock  fragments  on  soil  moisture  and  soil  temperacure.    The  effects 
of  surface  fragments  and  incorporated  fragments  were  studied  separately 
and  in  combination,  mainly  under  greenhouse  conditions  with  potted  soils 
on  which  and  into  which  various  quantities  of  sandstone  fragments  of  each 
of  several  sizes  were  placed.    Two  textures  of  soil  were  used,  clay  loam 
and  sandy  clay  loam. 

Temperature  effects  by  the  rock  fragments  were  not  distinguishable. 
Soil  moisture  effects  were  small  and  varied  both  in  magnitude  and  direction 
with  soil  texture  and  level  of  soil  moisture^    A  60  percent  coverage  of 
the  soil  surface  by  rock  fragments  caused  a  reduction  in  evaporation  when 
the  soil  moisture  was  near  field  capacity.    With  drier  soil,  the  surface 
fragments  promoted  downward  transfer  of  moisture  from  surface  layers  and 
thus  a  delay  of  as  much  as  8  to  10  days  in  the  time  when,  subsurface  layers 
reached  the  wilting  point.    Rock  fragments  within  the  Goil  mass  did  not 
appreciably  extend  the  period  of  drying  from  field  capacity  to  the  wilting 
point.    Reductions  in  evaporation  were  only  sufficient,  in  general,  to 
offset  the  loss  in  storage  capacity  of  the  soil  mass  that  results  from 
inclusion  of  the.cparse  fragments. 

B.C.  '^oodell 


. LARAMIE 

Sagebrush  root  studies 

The  root  system  of  big  sagebrush  occurring  at  9,500  feet  elevation 
was  studied  this  past  summer  to  furnish  some  basic  information  to  plot 
studies  of  soil  moisture  withdrawal  by  big  sagebrush  and  to  i  watershed 
study  where  the  effects  of  sagebrush  spraying  will  be  studied.    Four  sites 
(east-  and  west-facing  slopes,  ridge  top  and  stream  bottom)  were  trenched 
with  a  tractor -mounted  backhoe.    The  root  systems  of  three  big  sagebrush 
plants  at  each  site  were  carefully  excavated  with  handtools ,  Photogr^hs 
and  scale  drawings  were  made  as  digging  progressed.  ..... 


RM-a 


The  root  system  of  big  sagebrush  in  general  was  found  to  be 
characterized  by  a  rapidly  tapering  woody  taproot  and  a  dense  well- 
developed  system  of  lateral  roots  concentrated  in  the  upper  2  feet  of 
soil.    Extension  of  the  taproot  in  all  cases  accounted  for  maximum  pene- 
tration.   Extensive  lateral  development  originated  from  the  thick  upper 
portion  of  the  taproot,  and  the  maximum  horizontal  spread  was  by  roots 
originating  from  the  upper  12  inches  of  the  taproot.    A  heavy  concentration 
of  fine  short  laterals  occupied  the  surface  6  inches  of  soil  and  roughly 
corresponded  to  the  area  of  crown  projection. 

Depth  of  root  penetration  ranged  from  4.5  to  6  feet  and  was  found 
to  be  generally  deeper  on  the  drier  west  exposure  and  ridge-top  sites. 
Maximum  radial  spread,  as  great  as  5  feet,  was  found  on  the  sidehill 
sites  and  was  generally  accentuated  in  a  downhill  direction. 

■'All  studied  plants,  except  one  56-year-old  specimen  encountered 
on  the  stream  bottom  site,  fell  in  the  age  class  of  21-30  years.  Vertical 
crown  projection  averaged  3  square  feet,  and  average  height  was  21  inches. 

R.  D.  Tabler 

Snow  accumulation  in  relation  to  clearcut  block  size  in  lodgepole  pine 

A  snow  accumulation  study  was  made  during  the  winter  of  1960-61  in 
an  area  near  the  southern  limit  of  the  Big  Horn  Mountains  where  mature  ' 
stands  of  lodgepole  pine  have  been  harvested  in  clearcut  block  patterns. 
The  study  was  for  the  purpose  of  determining  the  influence  of  clearcut 
block  size,  and  the  related  effect  of  clearcut  block  size  and  aspect,  on 
snow  accumulation  and  disappearance.     Clearcut  blocks  of  approximately 
5-,  10-,  and  20-acres,  and  uncut  areas,  occupying  north-,  south-,  east-, 
and  west-facing  slopes  were  selected  for  study.     Sampling  of  the  snowpack 
moisture  equivalent  on  each  study  block  and  uncut  stand  began  on  March  31, 
and  was  repeated  at  approximately  2-week  intervals  to  include  sampling 
at  peak  snowpack  as  well  as  at  intervals  during  snowmelt. 

For  average  conditions,  clearcutting  lodgepole  in  blocks  increased 
snow  accumulation  over  that  of  the  uncut  stands  by  2.5  inches  of  water 
equivalent,  irrespective  of  size  of  opening.    The  greatest  response  to 
clearcutting  was  on  the  eastern  aspect  where  the  clearcut  blocks 
accumulated  3.2  inches  more  water  equivalent  than  did  the  uncut  area. 

On  south  and  east  aspects  snow  disappearance  was  similar  on  all 
clearcut  blocks,  with  final  snow  disappearance  preceding  that  of  the 
uncut  areas  10  to  14  days.    Only  slight  snow  retention  advantage  between 
clearcut  block  sizes  V7as  observed  on  the  5-acre  blocks.    On  north 
exposures  snow  disappeared  almost  simultaneously  from  the  clearcut 
block  and  the  uncut  stand. 
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Snow  was  found  to  persist  on  a  cut  area  longer  than  on  an  uncut 
area  only  on  the  west  aspect  where  snowme It  period  on  the  20-acre  clearcut 
block  extended  slightly  beyond  that  of  the  uncut  area,  5-  and  10-acre 
blocks, 

H.  W.  Berndt 


TEMPE 

Workman  Creek 

Streamflow  for  the  treated  Workman  Creek  watersheds,  for  water  year 
ending  September  30,  1961,  was  very  nearly  a  duplicate  of  the  1958-59 
water  year^    On  North  Fork  of  Workman  Creek,  where  80  acres  of  forest 
vegetation  have  been  converted  to  perennial  grass  in  a  watershed  of  248 
acres,  streamflow  totaled  1.55  inches.    Expected  streamflow,  based  on  the 
pretreatment  regression,  was  0.96  inch.    On  South  Fork,  on  which  a  timber 
harvest  has  been  completed,  streamflow  totaled  1.65  inches.    Actual  stream- 
flow  compared  to  expected  streamflow  from  four  possible  pretreatment. 
regressions  is  as  follows: 

1960-61  Water  Year 
Equation  Used  Expected  Streamflow    Actual  Streamflow 

 -Inches-—— 

Straight  line  (all  data)  1.84  1.65 

Straight  line  (without  1940-41)  1.58  1.65 

2nd  Degree  curvilinear  1.46  1.65 

Square  Root  transformation  (squared)  1.42  1.65 


Observation  Wells  (9,000  ft.  elev.) : 


After  snow  melted  in  April  1961,  there  was  a  general  decline  in 
water  table  elevations  to  about  the  first  of  July,     Summer  rains  evidently 
added  enough  water  to  cause  most  wells  to  rise  during  the  summer.  After 
the  summer  rains  a  decline  started,  about  September  10,    Diurnal  fluctua- 
tions occurred  in  late  June,  and  again  in  late  August  and  September,  but 
none  during  the  summer.    After  heavy  October  precipitation,  the  fluctuations 
appeared  but  in  opposite  cycles,  rising  during  the  day  and  falling  at 
night,  evidently  related  to  temperatures ,    These  same  fluctuations  were 
noted  during  a  warm  spell  during  February  9  to  16,  1962,  under  snowcover, 
when  the  water  table  rose  between  10:00  a.m.  and  6:00  p.m.  and  declined 
between  6:00  p.m.  and  10:00  a.m.    During  this  same  period  there  was  an 
increase  in  streamflow  from  the  Castle  Creek  Experimental  Watersheds 
(elev.  8,000  ft.),  and  also  from  Salt  River. 
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Method  for  sorting  and  determining  weight  o£  chaparral  litter  samples 

In  connection  with  a  study  of  strip-burning  in  mixed  chaparral, 
a  large  number  (256)  of  rather  bulky  litter  samples  containing  coarse 
and  fine  organic  material  and  some  associated  mineral  matter  were  recently 
collected.    The  number  of  samples  to  be  taken  will  increase  by  an  equal 
number  during  each  of  the  succeeding  5  years. 

Samples  consisted  of  all  recognizable  plant  m.aterial  and  other 
organic  matter  lying  above  the  mineral  soil  and  include  appreciable  amounts 
of  gravel  and  sand.     Separation  of  the  organic  matter  from  the  mineral 
matter  by  ashing  in  a  muffle  furnace,  as  in  often  done,  did  not  seem  practical 
in  view  .of  the  bulkiness  and  number  of  samples  ultimately  to  be  handled. 
The  method  decided  upon,  and  being  used  on  the  first  set  of  samples,  involves 
a  combination  of  "screening",  "flotation"',  and  "ashing",  and  is  described 
below: 

Step  1. — The  entire  sample  as  collected,  bagged,  and  numbered  in  the 
field  is  emptied  into  a  16"  x  16"  frame  having  a  hardware  cloth  bottom  with 
nominal  3/32"  (actual  2.7  mm)  openings.    The  frame  is  agitated  only  enough 
to  pass  the  fine  material  and  not  break  up  the  larger  particles.  Fine 
material  passing  this  sieve  is  collected  in  a  pan  and  placed  in  properly 
numbered  paper  sack.    This  fraction,  termed  "fine  litter",  contains  small 
but  recognizable  parts  of  leaves,  some  unidentifiable  organic  matter,  and 
the  smaller  mineral  fractions. 

Step  2. — The  "fine  litter"  is  then  separated  from  its  mineral  content 
by  "ashing"  with  a  hand-held  propane  torch  fitted  with  a  fan-type  flame 
spreader.    Faster  carbonization  of  the  organic  matter  is  facilitated  by 
spreading  the  material  thinly  and  uniformly  over  the  bottom  of  an  18", 
steel  frying  pan.    The  difference  in  weight  of  the  sample  fraction  prior 
to  and  after  combustion  is  tallied  as  weight  of  "fine  litter." 

Step  3. — Material  retained  on  the  sieve  in  Step  1  is  placed  in  an 
18"  wash  basin  filled  to  2/3  capacity  with  tapwater.    The  material  is  spread 
over  the  surface  of  the  water.    Mineral  particles  are  large  and  heavy 
enough  to  sink  rapidly  to  the  bottom.    The  floated  material  is  screened  off 
before  organic  particles  begin  to  sink,  and  rebagged  for  later  drying. 
Weight  of  this  floated  fraction  of  the  sample  is  recorded  as  vjeight  of 
"coarse  litter."    The  combined  weights  of  "fine  litter"  and  VcoaxcQ 
litter"  thus  obtained  for  each  field  sample,  is  recorded  as  "total  litter." 
All  values  are  recorded  on  dry  weight  basis. 

Even  with  this  procedure  which  eliminates  processing  of  a  omall 
njimber  of  samples  at  a  time  through  a  muffle  furnace,  considerable  time 
and  bench  space  is  required.     Suggestions  concerning  more  rapid  methods 
for; handling  large  numbers  of  litter  sample^,  will  bfe  appreciated. 


C.  P.  Pace  and  G,  E.  deadening 
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Streamflow  record  reduction  and 


analys  is 


A  program  for  electronically  computing  streamflox-?  volumes,  using 
the  304B  system  facilities  of  the  General  Electric  Computing  Center  at 
Tempe,  Arizona,  is  now  in  operation.    As  mentioned  in  our  last  report, 
"input"  data  for  the  program  is  punched  on  80-column  cards,  and  allows 
for  gage-height  readings  with  varying  time  intervals.     "Output which 
is  on  magnetic  tape  contains,  in  addition  to  the  original  "input"  data, 
the  cubic  foot,  acre  feet,  and  cubic  foot  per  second  values,  computed 
for  the  varying  time  intervals  and  summarized  by  days.    To  date,  about 
57  station  years  of  records  have  been  processed  vrith  a  complete  print  out 
of  the  "output." 

Because  of  inherent  computer  characteristics  a  step  method  of 
processing  is  being  developed.     Step  1  is  that  of  computing  basic  volumes 
as  described  above.     Step  2  will  be  programed  to  make  use  of  the  magnetic 
tape  "output"  from  Step  1  to  summarize,  tabulate,  and  print  out  the  daily 
values  by  water  years.     It  is  expected  that  this  program  will  contain 
built-in  opportunities  for  modification  to  permit  a  print  out  of  data 
in  area  inches  should  that  be  desired.    Development  of  the  program  for 
Step  2  is  now  unden-zay.    Step  3  will  consist  of  such  programs  as  are 
needed  for  sophisticated  hydrologic  analysis  of  the  data  from  Step  1  and 
other  sources.    Either  magnetic  tapes,  as  above  mentioned,  or  punched, 
SO-column  cards  are  planned  for  the  "input."    "Output"  will  be  stored  on 
magnetic  tape  if  a  printed  "output"  will  not  suffice.    A  framework  for 
developing  the  programs  and  procedures  for    Step  3  is  now  being  prepared. 
Suggestions  as  to  appropriate  analyses  which  might  be  attempted  would  be 
appreciated. 

Since  our  last  report,  there  has  been  no  change  in  status  of  our 
tests  using  Benson-Lehrier  record-reading  equipment.     However,  we  feel 
that  the  possibilities  for  use  of  a  direct  data- transfer ring  system  should 
be  further  considered, 

Paul  A.  Ingebo 

Water  yields  from  treated  chaparral  watersheds 

Water  yield  relationships  between  two  partially  calibrated 
watersheds  may  be  changing  as  a  result  of  chemical  suppression  of  fire- 
induced  shrub  sprouts  on  one  of  the  v?atersheds .    For  2  years  prior  to 
a  June,  1959,  wildfire,  and  the  subsequent  three  post fire  years,  the 
50-acre  watershed  D  has  produced  higher  water  yields  than  the  adjacent 
76~acre  watershed  C.    The  regression  of  annuel  yield  of  watershed  C  on 
D  (in  area  inches)  has  shown  a  markedly  concistent  straight-line 
relationship,  despite  years  of  high  and  low  precipitation.     (See  table  1.) 
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Helicopter  application  of  1,5  pounds  (A.E.)  of  2,4,5-T  per  acre  on 
watershed  C  during  May,  1960  and  1961,  has  reduced  the  rate  of  shrub 
regrowth;  so  that  by  October  1961,  shrub  cro\m  canopy  was  7.5  percent  as 
compared  with  22.2  percent  on  watershed  D.    During  the  summer  dry  period 
of  1961,  the  flow  in  D  was  lower  than  the  concurrent  flow  in  C;  and  a 
greater  diurnal  fluctuation  was  measured  in  the  unsprayed  watershed  D. 
For  the  past  several  weeks,  both  watersheds  have  been  yielding  moderately 
high  sustained  flows  as  the  result  of  17.99  and  19.01  inches  of  precipitation 
on  C  and  D,  respectively,  since  October  1,  1961.    A  recent  measurement  of 
instantaneous  flows  at  the  two  weirs  shows  that  C  was  yielding  at  a 
higher  rate  per  acre  than  D  during  a  period  when  the  flow  in  each  was 
apparently  constant. 

Two  possible  explanations  for  the  differences  in  yields  may  be 
considered:     (1)  Temperature  minima  at  the  weir  dams  have  been  in  the 
low  20<^  range.    The  upper  reaches  of  watershed  D  are  slightly  higher  than 
those  of  C  and  snowmelt  may  be  occurring  at  a  slower  race  in  that  part  of 
D.     (2)  With  the  comparatively  droughty  period  (March  1960  to  August  1961) 
which  preceded  the  current  winter,  the  soil  mantle  on  both  watersheds 
became  dry,  as  indicated  by  poor  growth  of  shrubs  during  1961.  The 
greatest  moisture  deficit  probably  developed  on  the  unsprayed  watershed 
D  where  shrub  canopy  cover  was  three  times  that  on  C.    The  need  for 
measurements  of  moisture  storage  and  movement  in  the  regolith  of  the  two 
watersheds  is  apparent.     Suggestions  as  to  sound  practical  methods  for 
measuring  these  functions  is  mountainous  terrain  are  solicited. 

'    ■   Current  annual  yield  from  both  watersheds  promises  to  be  consider- 
ably higher  than  any  previously  recorded,  except  for  the  first  year  after 
the  fire  when  several  flood  flows  occurred.     Small  peaks  in  the  order  of 
0.5  to  0.7  feet  in  a  90°  V-notch  have  produced  no  appreciable  sediment 
yields  during  the  current  winter  season.    This,  together  with  the  fact 
that  all  major  drainages  from  the  burned  area  are  now  producing  sustained 
clear  flows,  may  indicate  that  channel  sediment  storage  conditions  are 
approaching  those  which  prevailed  immediately  prior  to  the  fire. 
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Table  1, — Some  provisional  water-yield  data  for  3-Bar  watersheds: 


PERIOD 

WATERSHED  C 

WATERSHED  D 

Precipitatiori2/  1  Water  Yield 

Precipitation^/  [Water  Yield 

 Inches   — — Inches--  

Water  Year-' 

1957  25.00  1.76  24.71  2.20 

1958  31.70  1.09  32.60  1.42 

1959  19.53  3.10  19.59  4.01 

1960  31.71  11.99  31.78  12. 8& 

1961  17.49  1.70  19.21  2.61 
Daily 

March  13,1961  0.00  0.0764  0.00  0.0220 


1/    October  1  to  September  30 
2/    Measured  at  weir  dam 

George  E.  Glendening 
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Climatic  Relations 

Space  Research  Benefits  Watershed  Management  Research 

Silicon  solar  cells  which  are  maniifacturer 's  rejects  from  satelite  power 
supplies  will  be  used  in  a  forthcoming  study  of  solar  energy  receipt  on 
forested  and  cleared  slopes.    These  cells  have  the  advantages  of  being 
small  (1x2  cm),  inexpensive  ($2.70  each)  and  insensitive  to  wind  or 
variations  in  ambient  temperature.    Unlike  other  commonly  used  sensors, 
the  silicon  cell  produces  sufficient  current  to  operate  a  standard 
milliamp  recorder  or  meter.    Microvolt  or  millivolt  recorders  for  i>reaker 
signals  can  be  more  expensive  and  often  require  a  hard  to  maintain 
external  power  supply. 

The  solar  cell  is  sensitive  to  solar  radiation  below  1.2  microns  and 
not  sensitive  to  far  infrared  or  back  radiation.    Thus  they  are  not 
suitable  for  sensing  net  radiation  but  are  excellent  for  albedo  or, 
more  exactly,  reflectivity  measurements.    The  induced  current  is  linear 
vrith  radiation  receipt  and  accurately  responds  to  changes  in  incidence 
angle  of  direct  sunlight  as  well  as  sensing  diffuse  light. 

Several  cells  will  be  xjired  in  parallel  and  placed  along  transects 
under  forest  canopies  to  obtain  integrated  values  and  avoid  the  usual 
problem  of  sampling  n.oving  light  and  dark  patches.    By  using  low 
"blinders"  around  the  cell,  it  can  be  made  highly  directional  and  also 
may  be  used  to  measure  reflectivity  from  various  ground  covers  and 
topographic  facets. 

The  manufacturer  recommends  that  the  cells  be  protected  from  moisture. 
Permanent  installations  i-/culd  need  glass  or  plastic  shields.    Based  on 
tests  by  Fritschen  l/,  Saran  Mrap  was  chosen  for  testing.  Fritschen 
found  a  nearly  constant  13  percent  reduction  by  transmission  through 
Saran  VJrap  in  all  the  solar  radiation  wave  lengths,  while  other  siob- 
stances  tested  blocked  certain  wave  lengths  more  than  others.    Our  tests 

1/    Frits  chen,  Leo  J.,  Construction  and  calibration  details  of  the 
thermal-transducer-type  net  radiometer.    Bull.  Am.  Meteorol.  Soc. 
lil(U):    180-183.    April  196O. 
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with  Saran  Wrap  show  a  constant  reduction  in  direct  radiation  of  0.08 
ly/min  at  all  sunshine  intensities  from  0.50  to  1.60  ly/min  but  little 
or  no  reduction  in  diffuse  radiation.    The  reason  for  this  selectivity 
is  not  known  to  us. 

The  milliamp  output  is  chosen  for  measurement  instead  of  voltage  since 
voltage  is  affected  by  temperature  and  is  nonlinear  with  radiation. 
High  resistances  in  the  recording  system  will  impose  the  nonlinearity 
on  the  milliamp  output  unless  the  voltage  is  sufficient  to  overcome 
the  resistance.    We  plan  on  using  5  or  6  basic  cells  wired  in  series  as 
the  unit  sensor  at  each  measurement  point.    Using  external  power  instead 
of  the  extra  cells  may  work  but  add  other  problems.    Solar  cells  could 
also  be  used  with  a  totalizing  system  such  as  developed  by  Goodell  if 
the  more  descriptive  chart  trace  data  are  not  required. 

Lloyd  W.  Swift ^  Jr. 

Plant-Water  Relations 

Internal  Water  Balance  in  Hardwoods 

Study  of  several  hardwood  trees  during  the  summer  19^1  (last  semiannual 
report)  led  to  completion  of  a  dissertation  entitled  "Internal  Water 
Balance  of  Forest  Trees  on  the  Coweeta  Watershed."    Among  the  conclusion 
was  the  finding  that  Weatherley  and  Slatyer's  disk  method  for  determinin 
the  so-called  "relative  turgidity"  of  plant  leaves  was  definitely 
inferior  to  Stocker's  original  method  (devised  in  1929)  for  determining 
the  leaf -water  deficit  of  whole  leaves,  particularly  in  hardwoods.  In 
conifers  the  two  methods  do  not  differ,  except  that  the  term  "relative 
turgidity"  is  something  of  a  misnomer  and  does  not  appear  to  offer  any 
advantage  over  Stocker's  term  "water  deficit"  (liTD) .    In  fact  the  latter 
term  is  really  the  more  descriptive  and  accurate  of  the  two.    In  futtire 
work,  we  will  use  the  term  water  deficit  (WD)  to  indicate  the  relative 
amount  of  water  required  to  resaturate  a  plant  part  collected  under 
natural  or  artificial  environmental  conditions.    Of  course,  definition 
of  "relative  turgidity"  shows  that  it  is  merely  the  complement  of  TO 
(RT  =  100  -  WD). 

Dogwood  (C.  florida)  showed  relatively  more  sensitivity  to  soil  and 
atmospheric  moisture  stress  than  three  other  species  tested.  Soil 
moisture  tensions  within  plastic-covered  plots  between  0-3  and  1.8 
atmospheres  produced  a  definite,  almost  linear,  response  in  leaf -water 
deficit  in  dogwood.    Studies  elsewhere  have  indicated  that  meastared 
internal  water  balance  is  an  insensitive  index  of  low  soil  moisture 
stress,  but  it  appears  that  this  is  not  universally  the  case.  The 
sensitivity  of  dogwood  and  its  very  wide  distribution  in  eastern 
forests  suggests  that  the  species  might  be  a  good  indicator  of  forest 
drought,  measured  in  terms  most  meaningful  to  the  physiological 
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processes  controlling  growth,  survival,  or  transpiration.    The  advantage 
of  such  a  drought  indicator  stems  from  the  fact  that  the  internal  '.r/atcr 
balance  of  trees  responds  inseparably  to  the  combined  and  accumulative 
influences  of  soil  and  atmospheric  moisture  stress. 

The  work  is  continuing  in  hopes  that  it  will  lead  to  a  better  understanding 
of  transpiration  of  various  forest  trees. 

John  D.  Hev;lett 

Litter  Interception 

Enough  data  on  litter  interception  (see  last  semiannual  report)  has  been 
collected  to  make  some  approximations  about  its  role  in  the  water  cycle. 
The  rate  of  drying  under  deciduous  trees  is  definitely  affected  by  the 
season  of  the  year.    During  the  groiiring  season,  when  vegetation  is  in 
full  leaf,  drying  is  retarded  by  shade,  high  humidity,  and  reduction  in 
wind  near  the  forest  floor.    In  Figure  1,  curve  A  represents  the  growing 
season,  curve  B,  the  dormant  season.    Although  both  curves  start  at 
approximately  the  same  moisture  content,  curve  B  shows  a  much  faster 
drying  rate.    The  difference  in  season  is  further  magnified  by  the  fact 
that  litter  accumulation  is  maximum  during  the  dormant  season. 

Last  year  there  vias  an  average  litter  cover  of  6,500  poimds  per  acre 
during  the  year.    The  average  number  of  storms  at  Covjeeta  is  100  per  year. 
If  it  is  assumed  that  the  litter  is  completely  saturated  (2l5  Pw)  during 
each  storm  and  that  the  water  evaporates  before  the  next  storm,  an 
absolute  maximum  can  be  placed  on  litter  interception  during  the  past 
year.    On  the  basis  of  these  assumptions  it  would  amount  to  6.1  inches 
or  8  percent  of  the  average  annual  precipitation. 

But  litter  never  dries  to  0  moisture,  nor  is  it  saturated  by  every  storm. 
The  average  minimum  moisture  content  after  a  drying  period  of  7  days  is 
55  R-^.    There  are  approximately  hO  storms  during  the  year  large  enough 
to  saturate  the  litter,  but  the  average  drying  period  would  only  be 
3.65  days. 

When  these  corrections  are  subtracted  from  the  maximm  figure  there 
remains  about  3-5  inches  litter  interception.    Pending  complete  analysis, 
it  appears  that  litter  interception  accotmts  for  about  5  percent  of  the 
total  annual  precipitation  in  hardwood  forest  at  Coweeta,  most  of  this 
occurring  in  the  dormant  season. 

J.  D.  Helvey 
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Soil-¥ater  Relations 


Soil  Moisture  Prediction 

In  a  so:'l  moisture  study  at  Covjeeta  involving  22  neutron  access  tubes 
distributed  over  5  contours,  it  was  found  possible  after  1  year  to 
predict  average  soil  moisture  at  any  contour  by  reading  one  tube  at 
each  level.    The  standard  deviation  of  sn  estimate  of  the  mean  at  each 
contour  is  0.60  Pv. 

We  have  developed  from  these  records  a  generalized  equation  for  predict- 
ing soil  moisture  at  any  point  in  deep  soil  in  humid  mountainous  areas. 

Pv  =  a  +  hjXi    +    b2X2    +  ^3^3  ^Ii^ii 
where 

=  sine  of  the  day  cotinted  from  day  0  =  December  22. 

X2    =  silt  +  clay  percent  (or  a  value  from  the  moisture  character- 
istic curve). 

x-^    =  position  on  the  slope 

distance  from  ridge  to  stream 

(ratio:  ___«„«__„^   ). 

distance  from  stream  to  observation  site 

X|^    =  accumulative  rainfall  (7,  Ihj  or  28  days,  depending  on  soil 
depth) . 


On  one  small  watershed  this  equation  accounted  for  55-^0  percent  of  the 
variation  in  soil  moisture,    VJe  are  planning  to  test  the  usefulness  of 
the  predictor  over  portions  of  the  southern  Appalachians.    Varying  the 
transformations  of  the  data  for  use  in  the  equation  may  eventually 
improve  the  prediction. 

J.  D.  Helvey 

Streamflow  Relations 

Thoughts  on  Watershed  Recharge 

Various  pieces  of  field  evidence,  mostly  resulting  from  use  of  the 
neutron  meter,  are  beginning  to  throw  new  light  on  the  nature  and 
timing  of  seasonal  recharge  in  deep  soils.    Considered  in  the  light  of 
theoretical  developments  in  soil  physics,  measurements  of  soil  moisture 


under  the  humid  climate  at  Cowecta  suggest  that  the  process  of  filling 
up  a  "watershed  after  summer  depletion  is  not  simply  a  matter  of  replacing 
water  to  field  capacity  and  collecting  the  excess  as  ground  water  and 
streamflow.    Two  considerations  render  this  simplification  inaccurate: 

(1)  Rain  falling  near  a  stream  channel  on  wet  soil  often  does  not  have 
to  replace  much  deficit  before  passing  through;  in  other  words,  there 
is  a  spatial  sequence  in  recharge  related  to  the  drainage  network. 

(2)  In  a  deep  soil  which  has  been  partially  depleted  by  drainage  or 
evapotranspiration,  moisture  deficits  in  deeper  layers  compete  with 
def itits  in  the  surface  soil  for  early  recharge  water,  so  that  recharge 
of  the  surface  layers  is  not  complete  when  the  first  wetting  front  passes 
through  it.    Our  attention  was  called  to  this  phenomenon  by  plottings  of 
extensive  soil  moisture  records,  collected  over  a  period  of  years,  showing 
that  all  layers  of  soil  continued  to  gain  moisture  all  winter  long, 
reaching  a  peak  sometime  in  late  March  each  year.    This  occurs  despite 
the  fact  that  early  fall  rains  are  more  than  ample  to  compensate  for 
current  evapotranspiration  loss.    Watersheds  similar  to  those  of  Coweeta 
do  not  fill  strictly  from  the  top  downward,  as  recently  suggested  by 
Satterlund  and  Eschner,  nor  do  they  fill  from  the  bottom  upward.  Rather 
they  tend  to  fill  up  as  a  unit,  with  all  portions  gaining  storage  against 
drainage  and  evapotranspiration  until  the  sxm  of  these  two  factors  begins 
to  exceed  current  input. 

The  important  point  perhaps  is  not  which  end  watersheds  fill  up  from, 
but  that  analogies  are  no  substitution  for  understanding,  and  that  they 
are  dangerous  because  the  impression  is  often  left  that  a  phenomenon  is 
explained  because  it  is  reduced  to  simple  terms.    There  is  no  portion  of 
the  water  cycle  which  we  hydrologists  understand  less  than  the  dynamics 
of  water  movement  through  the  soil,  parent  materials,  and  rocks  of  a 
watershed.    Analogy  of  the  watershed  to  the  reservoir  may  help,  but 
merely  help  to  stave  off  embarrassing  questions  until  ye  can  build  a 
proper  theory  of  watershed  recharge  and  discharge. 

John  D.  Hewlett 


Discussion 

Possibilities  of  Using  Tritium  as  a  Water  Tracer 

Among  the  many  areas  of  overlapping  research  interests  which  have 
developed  in  recent  years,  none  is  more  far  reaching  in  its  implication 
for  the  earth  and  biological  sciences  than  the  use  of  radioactive 
isotopes  for  studying  the  occurrence  and  movement  of  materials  in  nature. 
The  behavior  of  water  underground  has  always  presented  unusually  difficult 
research  problems.    The  extreme  mobility  of  water,  its  changes  in  state, 
and  devious  paths  of  movement  have  often  prevented  practical  application  ' 
of  the  general  water  transport  theories  to  field  problems  in  water 
management.    The  usefulness  of  tracers  in  hydrologic  research  is 
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potentially  large,  a  point  made  quite  clear  in  a  recent  comprehensive 
report  by  the  Atomic  Energy  Commission  2/.      Theoretically,  tritium 
is  an  ideal  water  tracer,  since  tagging~a  small  body  of  water  entering 
a  complex  flow  system  with  a  molecule  of  its  own  species  removes  many 
objections  based  on  differential  behavior  of  tracer  and  medium.  However, 
the  use  of  tritium  in  hydrologlc  studies  is  in  its  infancy.    Field  counting 
of  tritium  used  as  a  tracer  in  stream  or  ground  water  is  not  yet  feasible. 
Samples  must  be  collected  and  concentrated  before  processing  by  rather 
elaborate  tecliniques.    Training  and  safety  requirements  arc  high,  and 
equipment  is  at  present  beyond  the  means  of  small  laboratories. 

Despite  those  reservations,  the  great  promise  of  tritium  as  a  successful 
water  tracer  demands  close  consideration  in  connection  with  studies  of 
underground  water  movement.    It  is  hoped  that  proposals  for  its  use  will 
soon  be  drafted  at  Coweeta  and  that  the  area  of  study  outlined  will  qualify 
the  research  for  partial  financing  by  the  AEC.    These  studies  will  have 
two  broad  objectives: 

1.    The  source  and  time-rate  of  delivery  of  various  components 

of  mountain  streamflow,  associated  as  they  are  with  the  factors 
causing  some  watersheds  to  be  better  regulators  of  streamflow 
than  others,  are  virtually  a  hydrologic  mystery  at  the  present 
time.    Classical  hydrologic  theory  deals  obliquely  if  at  all 
with  such  problems,  relying  largely  on  empirical  methods. 
Although  useful  for  engineering  purposes,  application  of  these 
theories  to  problems  demanding  an  understanding  of  the  whole 
process  of  watershed  recharge  and  yield  are  severely  limited. 
For  example,  when  and  in  what  amounts  does  an  actual  unit  of 
rainfall  input  contribute  to  streamflow?    How  does  this  vary 
through  the  year  and  over  the  drainage  pattern?     The  importance 
of  these  questions  to  management  of  water  has  been  underestimated. 

Therefore,  a  technique  is  needed  for  tagging  components  of  water 
input  on  watersheds  which  allows  timing  and  identification  of 
units  of  output.    Such  experimental  observations  will  allow 
testing  of  mathematical  equations  of  flow  through  watersheds. 
To  provide  complete  information,  tagging  of  input  will  likely 
be  accon^lished  by  two  experimental  approaches:    (a)  Following 
trititjim  in  rainfall  through  the  watershed  after  nuclear  tests 
(this  approach  has  been  used  successfully  on  large  basins), 
and  (b)  seeding  certain  zones  of  the  watershed  with  tritium  to 
determine  the  areal-source  relations  to  outflow. 


2/  Freely,  K.  A.  Mai ton,  C.  R.  Barnett,  and  F.  Bazan,  I96I.  The 

potential  application  of  radioisotope  techniques  to  water  resource  investi- 
gations and  utilization.      USAEC,  WYO-90I4O,  3i;0  p. 
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2.    In  connection  with  its  assigned  responsibilities  in  the  nation's 
Civil  Defense  program,  the  Forest  Service  has  responsibility 
in  the  event  of  nuclear  attack  for  emergency  protection  and 
utilization  of  water  supplies  from  National  Forest  lands.  The 
contamination  of  water  by  fission  products  has  .not  been  regarded 
as  one  of  the  more  crucial  fallout  problems,  since  most  dangerous 
fission  products  appear  to  travel  very  slowly  through  the  soil 
and  ground  water.    In  fact,  it  is  thought  that  fission  products 
do  not  generally  reach  ground  water.    However,  knowledge  of 
rates  of  water  travel  through  the  earth  mantle,  and  how  it 
varies  from  region  to  region,  is  sketchy  at  best,  particularly 
where  it  depends  on  conventional  hydrologic  theory.  Ground 
water  return  has  been  variously  estimated  at  200  to  2000  years, 
but  storage  turnover  in  steep  mountains,  where  return  is  greatly 
speeded  up  by  increased  hydraulic  gradients  and  high  rainfall, 
appears  to  have  been  ignored  in  such  estimates. 

What,  then,  is  the  turnover  period  in  the  steep  watersheds  of 
the  southern  Appalachian  Mountains?    Since  water  is  a  carrier 
of  fission  products,  will  fallout  move  quickly  into  streams 
or  even  be  concentrated  under  some  circumstances?  Will 
mountain  watersheds  be  the  first  to  flush  themselves  of  mobile 
fission  products?    The  answer  to  such  questions  is  tied  up  i-jith 
hydrologic  problems  relating  to  the  source  and  timing  of 
streamflow  from  steep  land,  about  which  all  too  little  is  known. 

Since  techniques  used  in  tritium  tracer  research  are  more  than  usually 
difficult,  training  and  expert  assistance  will  be  required  before  these 
studies  become  a  reality.    Methods  for  studying  water  movement  by  isotope 
techniques  are  by  no  means  refined  to  the  point  of  routine,  and  initial 
efforts  should  doubtless  be  aimed  toward  method  development.  Therefore, 
early  study  proposals  will  make  use  of  several  large  soil  models  already 
constructed  at  Coweeta  to  avoid  the  need  for  large  quantities  of 
isotope  which  would  be  required  to  seed  whole  watersheds.    By  adding 
relatively  small  amounts  of  tritium  to  sloping  masses  of  soil  and 
measuring  outflow  concentrations,  it  should  be  possible  to  work  out 
procedures  for  interpreting  results  in  terms  of  water  quantities  and 
flow  rates,  as  well  as  to  determine  the  real  relation  between  units  of 
rainfall  and  the  water  that  subsequently  appears  as  storm  and  base  flow. 
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SOUTHERN  FOREST  EXPERIMEWT  STATION 
Watershed  Management  Research  Semiannual  Report 

October  I961  -   April  I962 

Oxford  Research  Center 

Root  Concentrations 

To  study  potential  plant  use   of  soil  moisture;,   roots  were 
washed  from  soil  cores   in  sandy  loam  and  silt  loam  soils 
under  depleted  hardwood;,   20-year-ol.d  pine,   and  old-field 
c over  o 

Root  concentrations  were  greatest   in  sandy  loam  soil  in- 
dependent of  cover,   and  were  greater  under  the  forest  types 
than  under  old-field  cover   independent  of  soils.      On  sandy 
loam  soil,    concentrations  were  higher  in  the  0-12  inch 
layer  under  pine  than  under  depleted  hardwood.      There  were 
no  differences  "between  the  two  forest  types   on  silt  loam 
soil  nor  on  sandy  loam  soil  below  12  inches.      On  the  average, 
the  green  weight   in  tons  of  roots  per  acre-foot   on  the  0-  to 
6- inch  layer  was  2,6,   k-o2^   and  k,6  for  the  old  field,  depleted 
hardwood,   and  pine  plantation,    comprising  62  percent  of  the 
total  root  volume   in  the  4-foot  profile » 

Loblolly  pine  stock  for  erosion  control  planting 

A  series   of  plantings  on.  eroded  sandy  loam  and  loess  sites 
in  1956,   1957.9   and  1958  has   confirmed  the   superiority  of 
grade  1  and  2  loblolly  planting  stock  over  grade   3=  After 
3  years   in  the   field,   the  grade   3  seedlings  were  about  10 
percent  lower  in  survival,   and  showed  poorer  growth  than 
those  which  graded  1  or  2  at  the  time  of  plant ingo  Survival 
of  seedlings  with  4- inch  roots  was   satisfactory  (86  percent), 
but  significantly  less  than  for  seedlings  with  longer  roots 
(92  percent )o     Root  length  did  not  affect  height  growth,  and 
there  was  no  advantage   in  planting  seedlings  with  unpruned 
roots  o 

Post  holes   and  trenches   for  erosion  control,  planting 

Since  the  partia.lly  consolidated  subsoil  exposed  on  many 
eroded  planting  sites   inhibits   initial  root  development, 
site  preparation  methods  have  been  tested  as  a  means   of  im- 
proving pine   survival  and  growthc     After  5  years,  survival 
of  mattock-planted  trees  was   significantly  poorer  than  that 
of  trees  planted  in  refilled  6"   auger  holes.      Growth  of  1-1 
balled  planting  stock  was   somewhat  better  than  that  of  1-0 
seedlings  but  differences  were  not  significant  until  the 
fifth  year.     Postholes  refilled  with  topsoll  were  superior 
to  those  backfilled  with  the  excavated  material. 
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In  another  test^,   trenches  backfilled  "with  local  alluvium  im- 
proved 5-year  growth  over  mattock-planted  loblolly  pinee 
Trenched  seedlings  which  x-eceived  additional  treatments  of 
fertilizer  and  mulch  grew  larger  than  those   in  untreated 
trenches o     Differences  were   significant  at  the   5  percent 
levels      There  were  no  differences  between  fertilizer  and 
m.ulch  treatm.ents„     Survival  was  high  for  the  entire  study^ 
and  was  not  affected  significantly  by  treatment. 

Fertilizer  and  a  ve_ttijig  _Qig,ent 

Because   first  season  drought  accounts   for  a  large  proportion 
of  the  mortality  in  erosion  control  plantings^,  applications 
which  might   improve  early  development  and  resistance  to 
drought  were  tested  on  eroded  areas   in  north  Mississippi =  A 
non-polar  wetting  agent^   Aqua-Gro^   was   applied  to  field  planted 
seedlings   in  May  of  the   first  and  second  seasons   after  plant- 
ing,  and  on  other  seedlings   in  May  and  July  of  these  seasons. 
'Neither  application   improved  either  growth  or  survival »  Mid- 
season  applications   of  fertilizer  during  the  first  and  second 
season  in  the  field  were  also  ineffective., 

„Qjih,g_r__pl_ant s   for  erosion  control. 

Only  one  of  13  species  of  grass^   legume^   and  shrubby  plants 
tested  in  Mississippi  has   shown  promise  for  erosion  control 
planting.     Four  western  shrub  species^   At r iplex  hal imus , 
Bacchar  is  pilular  is  v.   typlca,,    Cist  us  corbar  iens  is  ,  and 
Ro_sjiar inus  of f ic inalis  failed  to  survive  or  develop  adequately. 

Weeping  lovegrass   ( Eragrost is   curvula) ,   when  seeded  on  prepared 
and  fertilized  soil,   has  developed  well  and  produced  effective 
cover  in  formal  and  informal  tests.      Five  years   after  seeding^ 
soil  under  lovegrass  had  increased  in  porosity  and  decreased 
in  bulk  density^  both  in  relation  to   its   initial  condition  and 
to  unplanted  check  plots.      Self-sown  annual  lespedeza  ( Lespedeza 
^rjD£umJb£n^ )  ^   which  invaded  fertilized  plots  where  other  grasses 
and  legumes  failed^   had  also  improved  soil  characteristics. 

^arrl^son  Research  Center 

Conversion  of  Ozark  forest  to  range 

A  four-plot   study  in  Arkansas,    where  plane- sprayed  silvicide  was 
applied  in  1957  i-o  recently  logged  upland  hardwoods   on  cherty 
silt  loam  soil^   resulted  in  the  following  observations  by  I961 s 

1,      Aggregates  were  broken  down   in  the   surface   3   inches   of  the 
sprayed  plots,   those  over  2,0  mm.,   being  reduced  and  those 
smaller  than  O.IO5  mm,   being  increased  significantly. 
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2, 


Infiltration  rates  increased  considerably  on  unsprayed 
woodland,   decreased  slightly  on  sprayed- 


3,     Volume  weight  of  the  top  3   inches   of  soil  was  little 
changed  o 

k.     Percent  of  clay  in  the  top  3   inches   of  soil  decreased 
on  all  plots o 

5o      Grazing,   at  2  levels^   had  no  measurable  effect  on  soil 
characteristics  , 

6,     Three  years   of  runoff  and  erosion  measurements  did  not 
reveal  differences  due  to  treatment,   partly  because 
within- treatment  variation  was  excessive. 

7"     Soil  below  the  l8-inch  depth  held  more  moisture  during 

the  growing  season  under  grass  than  under  forest  cover,  ' 
and  fall  rains  wetted  the   soil  profile  earlier  and  more 
completely  under  grass.     Soil  under  forest  cover  re- 
tained capacity  to  absorb  additional  water  except  for 
short  winter  periods   in  1959  and  I96I,   thus  affording 
better  control  of  excessive  rainfall. 

Establishment  data  from  a  newer  study  of  land  use  con- 
version has  developed  useful   information  on  physical 
characteristics   of  cherty  silt  loam  soils.  Though 
primary  objectives   involve  vegetative  changes,  informa- 
tion on  soil  changes  will  be  obtained  after  treatments 
become  effective. 

Small  watersheds   in  Ouachita  mountains 

Flumes  and  sediment  samplers  have  been  installed  on  three 
small  watersheds   (l<,275  to  1,633  acres),   and  calibration  is 
in  progress.     Surveys  show  soils  and  cover  to  be  very  similar. 
After  a  calibration  period,   one  watershed  will  be  cut  and 
burned,   a  second  cut  but  not  burned,   and  the  third  will  be 
left  untreated.      Comparisons  will  be  based  on  quantity  and 
timing  of  runoff  and  sediment,    supplemented  by  soil  moisture 
measurements  at   selected  times, 

Pe  rsonnel 

In  November  I96I5   A.   W,   Krumbach,   J'r,,   transferred  from 
Brewton,   Alabama,   to  the   Harrison,   Arkansas,   Research  Center, 
where  he  will  conduct  research  on  water  yields   in  the  Ozark- 
Ouachita  uplands. 

In  December  I961,   George  K,   Stephenson  transferred  from  the 
Nacogdoches,   Texas,   Research  Center  to  the  New  Orleans  office, 
where  he  will  be  Assistant  Chief  of  the  Division  of  Range  and 
Watershed  Management,     He  will  be  concerned  primarily  with 
watershed  researcho 
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Filtering  Sediment  from  Mountain  Streams 


By  Wras  Wo   Blocker  and  David  R„  Bower 
Harrison  Research  Center 

A  filter  is  "being  used  in  watershed  studies   in  the  Ouachita 
Mountains   of  Arkansas  to  obtain  particles   of  sand^   silt^  and 
clay  from  suspensiono     Positioned  to  receive  all  the  water 
from  a  Coshocton  Wheel  sampler^   the  filter  has  proved  its 
effectiveness   in  removing  coarse  sand  as  well  as   fine  parti- 
cles  from  stream  flow. 

The  inexpensive  apparatus  consists  of  a  No »   5  galvanized  tub 
{ik   inches   in  diameter  at  the  top^   11  inches   in  diameter  at 
the  base  and  8-1/4  inches  high),,   into  which  is   inserted  a 
circular  piece  of  foam  rubber  (15   inch  diameter  by  l/2  inch 
thick) o      The  filter  lies   on  a  12~3/4   inch  wire  grill  welded 
in  place  3  inches  down  from  the  top  edge  of  the  bucket o 
The  filter  is  held  down  by  a  half- inch  thick  steel  ring 
measuring  12  inches   inside  diametero      The  filter  and  ring 
are  placed  in  the  tub  forming  a  tight  seal  with  the  over- 
lapped portion  of  the  filter  being  crushed  between  the 
steel  ring  and  the  flexible  galvanized  tubo 

The  intake  and  outlet  pipes^  located  3o5  and  0.75  inches 
from,  the  top  respectively  are  formed  of  l/2  inch  copper 
tubing^   soldered  in  place.     The  intake  and  outlet  should 
be  located  to  correspond  with  desired  positions  of  the 
sampler  and  the  water  storage  tank, 

A  list  of  the  parts  needed  and  their  cost  follows^ 
Construction  of  the  apparatus  required  lo5  nian  hours » 


Materials  Cost 

lo  No.    5  foot  tub  (1)  $  1„25 

2o  1/2  inch  copper  elbows  (2)  .1^4- 

3.  2  X  1/2  inch  copper  nipples         (3)  »12 

k  <,  1/2  inch  copper  union  (l)  o32 

5.  Foam  ruljber  filter  (l)  /ko 

60  1/2  inch  iron  ring  (l)  1 . 00 


Total  =       $  3.23 


A  filter  apparatus  of  the  above  dimensions  has  proved  more 
than  adequate  on  1  to  2  acre  watersheds  with  a  maximum  size 
storm  of  7^000  cubic  feet  and  a  0 » 29  foot  maximum  stage o 
The  method  is  recommended  for  small  forested  watersheds  from 
which  sediment  losses  are   small.     The  usual  method  employed 
on  similar  small  units   is  to  store  a  fraction  of  the  runoff 
and  suspended  sediment   in  barrels o     The  water  and  sediment 
is   stirred  in  the  barrels   and  a  sample  withdrawn.  Where 
coarse  particles  such  as  sand  are  carried  in  suspension^  it 
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Is   difficult  to  obtain  a  true  sample  since  the  sand  fraction 
settles   quickly.     The  filter  apparatus  has  "been  designed  to 
remedy  this   situationo     For  use  on  larger  watersheds,  the 
dimensions  of  pipe^   tub,   and  filter  could  be  increased. 
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